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BEAUTIFUL DAUPHINY QUARTZES. 


During a recent personal trip to this region, so well known to mineralo- 
gists, we acquired the following at the localities : 


QUARTZ VAR. ROCK CRYSTAL. 


From the old mine of La Gardette above Bourg d’ Oisans, were recently 
taken a quantity of crystal groups which are the equal of any in the Euro- 
pean museums, We secured the pick of the find, and supply all sizes at 
about double the prices obtained for the Arkansas quartzes. The Dauphiny 
type is the well known slender three to four-inch crystals, with one rhombo- 
hedral face abnormally developed. Their great brilliancy and limpidity 
also serve to distinguish them from the American. As the mine is rarely 
worked, the opportunity is exceptional. 

(Loose crystals in quantity for schools.) 

Chalcopyrite, Bourg d’ Oisans. Large tetrahedral crystals, with a splen- 
did iridescence. Suggestive of the Ellenville and Cornish specimens. 

Anatase. A few choice examples of both yellow and black varieties. 

Siderite. Allevard. Few specimens have been found in the last dozen 
years, Showy groups of brown rhombs, some with clear quartz. 

Chrysolite Grystals, Maillargues, Cantal. Sharp and bright, 5 to 10™™ 
diameter. 

Josephinite, Grants Pass, Oregon. The largest pebbles yet seen of this 
rare nickel-iron mineral. 

Guanajuatite. Mostly fragmentary. 

Gem Rose Beryl. A few of the rare California beryls direct from the 
locality. The crystals show exceptionally sharp angles and interesting 
planes. 

The rose tint greatly enhances their value. 


For other Choice Minerals see new illustrated Catalog., 216 pp. 25c. 
Cloth bound 50c, 


COLLECTIONS FOR AMATEURS, 


students and teachers, are described in our last illustrated catalog ‘‘ Min- 
eral Collections.” Mailed free, 


FOOTE MINERAL ©O., 


Established 1876, 
DEALERS IN 


Minerals for Educational and Industrial Purposes. 


1817 Arch Street, 52 Rue St. Georges, 
PHILADELPHIA. PARIS. 
Two minutes walk from City Hall. Five minutes walk from the Opera. 
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rt. XLI.— Experiments on the Reception by ives of 
Arr. XLI Exep t th " t by W ) 


Electric Waves; by C. A. Cuanr. 


THE present paper contains an account of experiments on : 
(1) the nature of the disturbance about the receiving antenna 
in the system of wireless telegraphy devised by Braun and 
Siemens and Halske ; (2) the radiation from the Braun, Slaby- 
Arco and simple Marconi forms of transmitters, observed by 
the method of resonance ; (3) the effect on resonance of insert- 
ing a coherer in an open wire; (4) an exploration of wires 
receiving the radiation from a simple Marconi transmitter ; 
and (5) a repetition of some of Slaby’s fundamental experi- 
ments. 

The paper may be considered as a continuation of a former 
one* dealing with the transmitting antenna in wireless tele- 
graphy. 

A number of investigations have been made on wires 
arranged as in wireless telegraphy for the reception of electric 
waves, but in almost every instance these have been restricted 
to observing a maximum effect at one place,-—the base of the 
antenna,—and as detectors the spark gap, the hot-wire ammeter 
and the hot-wire thermometer have generally been used. 

In my experiments the nature of the oscillatory disturbances 
was determined by means of the magnetic detector, used in 
the manner fully described in the former paper, and the explo- 
ration extended from one end of the wire to the other. 

The wires, both for transmitting and for receiving the waves, 
were of bare copper, 0°7™" in diameter, stretched horizontally 
on the top of wooden nate, about 1-5" above the floor of the 

*C. A. Chant, The Variation of Potential along the Transmitting Antenna 


in Wireless Telegraphy, this Journal (4), vol. xvii, p. 1, 1904. Phil. Mag., 
(6), vol. vii, p. 124, 1904. 
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large hall in which the experiments were made. The trans- 
mitting wire was about 1:5" from the wall, the receiving wire 
being farther out towards the middle of the room. 


1. Exploration of the Receiving Antenna as used in the Braun, 
Siemens and Halske System of Wireless Telegraphy. 


The apparatus used for these experiments was the experi- 
mental set supplied by the Gesellschaft fiir drahtlose Tele- 
graphie, Berlin, Germany. The transmitter was described in 
the former paper, and the receiver was arranged as shown in 
tig. 1. The makers assert that the small set is of exactly the 
same pattern as their large commercial apparatus. 


1 
__Antenna ........ 


The antenna is connected to a, while to ¢ is joined the 
earth-plate E, in this case a hollow metal cylinder 20 long 
and 8* in diameter. The receiving transformer is composed 
of two coils e, 7, the former having 5 turns and a diameter 
of 8°’, the latter, within the former, 54 turns and a diameter 
of 7°6™*, At m is a very small condenser, inserted to avoid 
shunting the coherer C. The ends n, fh, are joined to the 
= relay and a dry cell, not shown in the figure. The 
engths of the various connections are as follows: ab, 20%; 
cd, 20™*; bed, 126™* ; ggq’h, 50™*; m’mn, coherer, 8™ ; 
coil 7, 131°"; hence circuit is 219°™, 

The receiving antenna was parallel to, and directly opposite, 
the transmitting antenna, and 2 meters from it. In the first 
series of experiments the two antenne were kept equal and 
both varied from 2 to 10 meters in length. Next, the trans- 
mitting antenna was kept 6 meters long and the receiving 
antenna varied from 2 to 6 meters; and lastly, the transmit- 
ting antenna was kept 4 meters long while the receiving one 
varied from 2 to 6 meters. The readings were taken in regu- 
lar succession from one end of the wire to the other, usually 
at points 20™* apart. The results of the examination are 
shown in Table I and the curves of figures 2 and 3. In the 
curves, ordinates represent magnetometer deflexions ; abscisse, 
lengths along the wire, measuring from the free end. Column 
2 of the table, giving the position of the minima of the trans- 
mitting antenna, is taken from the former paper. It will be 
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that there is one law for the wires 6 meters long and upwards, 
another for those shorter than 6 meters. With the former 
there is a minimum in the neighborhood of 220°* from the 
free end. For the wire 1000 long it appears at 254°%* from 
the end, but this is not so sharply defined as the others, thoagh 
five sets of readings were ioas to obtain this curve while 
three were usually made for the others. 

This appears to be a quarter-wave-length of an oscillation 
impressed on the wire, but not that shown on the transmitter. 
Again, if we assume that there is no displacement of the 
nodes upon reflexion from the free end, the maximum should 
be found at a distance twice as great from the free end. But 
such is not the case. There is a distortion of the oscillation, 
though for what reason it is not evident. 

An attempt was made to see what length of the wire was 
equivalent to the receiver connections, i. e., to the portion 
from a to £, including /. In doing this the transmitting 
antenna was 4 meters long, arranged as usual. Opposite and 
parallel, at a distance of two meters, a wire 4 meters long was 
stretched, to act as the receiving antenna; and then, in place 
of the receiving apparatus, a long wire was attached at a and 
drawn vertically upward, to prevent, if possible, inductive 
action between this wire and the transmitting antenna. At 
first this wire was 9 meters long, that is, the entire length of 
the wire was 13 meters. The horizontal portion only was 
explored. Then the vertical wire was shortened to 8 meters 
and the horizontal portion again explored. This process was 
continued, shortening the vertical wire one meter at a step, 
until only the horizontal one remained. The results are shown 
in Table II and the curves of figure 4. 


II, 


Total length of wire in Ba 
meters. 13 12 11 10/9 8 7 6 15 4 


Distance, in cms., of ome) | 


minima from free end. 260 255 225 210/210/207 190, 304/ 304/253 202 


Highest reading, i.e. at | 
free end. 42 51 


An examination of these shows that the wire 6 meters long, 
i. e., with 2 meters vertical, behaves like the 4-neter antenna 
when joined to the receiving apparatus, or that this apparatus 
behaves like 2 meters of wire. This method of substitution is 
not entirely free from vbjection, but I know of no better. 
Somewhat later it will appear from the same method that the 
cylinder / (fig. 1), is equivalent to about 80™* of the same 


51 |41 |28 |28 57 92 185 
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wire. If we consider the connection from a to £ to be equiv- 
alent to 200™*, the above detefmination would make the con- 
denser equal to 40° of the wire. 

It will be observed in Table II that the minimum for wires 
of lengths 4, 5 and 6 meters is at the middle of the wire, or the 
wire is vibrating in its own fundamental mode, while with 
wires 8 to 11 meters long the minimum is about 210°* from 
the free end, approximately as in Table 1 and almost certainly 
due to the same cause. 

This would indicate that in the case-of the longer wires the 
oscillation is forced on the wire, in the case of the shorter the 
oscillation is that natural to the wires themselves. 


2. Examination, by the Method of Resonance, of the Radiation 
Srom the Braun, Slaby-Arco and Simple Marconi Trans- 
mitters. 

In these experiments the transmitter was arranged as usual, 
and the receiving wire, as in the preceding experiments, was 
stretched parallel to the transmitting antenna. The action of 
the incident waves was measured by hanging the detector on 
the end of the wire. To begin with, the wire was of consid- 
erable length, and it was gradually shortened, 10 or 20°™* at a 
time, the effect on the detector hung on the end being observed 
for each length. As the length of the wire approached that 
for resonance with the transmitted waves the readings rose, but 
as the resonant length was passed they fell, until at last the 
wire was so short that the effect was hardly observable. From 
the curve obtained by plotting lengths of receiving wire as 
abscissee and amount of demagnetization (measured by the 
magnetometer readings) as ordinates, the length of wire which 
gave maximum effect was easily determined. This method of 
determining resonant lengths is extremely simple and easy of 
application. 

he Braun transmitter was the one used in the experiments 
just described, the antenne being 3 and 4 meters long. The 

Slaby-Arco transmitter was that form of Brann’s directly-con- 

nected system described in the former paper. In the simple 

Marconi radiator the transmitting, antenna was joined imme- 

diately to the binding-post forming one terminal of the sec- 

ondary of the induction coil; the other binding-post was joined 

directly to earth, while the spark-gap was between knobs 19"" 

- in diameter on the ends of rods passing through the binding- 

posts. The distance between these posts was 22°*, and the 

earth-connection was 25°™* long, i. e., the distance to earth 
from the end of the wire attached for antenna was 47°’. 

The results obtained are shown in Table III and the curves 
of figures 5 and 6. The experimental arrangement seems 
simple and unequivocal, but the conclusions to be drawn are 
not all so. 
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Curve I was obtained with a wire having both ends free, 
stretched at a distance of 3 meters from the transinitting 


antenna, which was 4 meters long. 


There are two definite 
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maxima, showing that wires 335 and 580™* long were in reso- 
nance with the radiator, i. e., the radiator emitted waves whose 
half-wave-lengths were 335 and 580°, respectively. The lat- 
ter appears to be the chief one, which fact is indicated in the 
table by the change in type. The bottom curve in fig. 4 is 
plotted from the data contained in the lowest line of Table II, 
ordinates denoting the readings at the end of the wire, abscisse 


III. 
Method of Resonance. 


‘Distance of | | 
Description of | receiver | Length for maximum = Arrangement of 
transmitter. | from °| reading. receiving wire. 
transmitter. 
Braun, 3" antenna) 3 meters 318, 496, 595 Free wire 
4  * 886,580 (850,°1160)| “ “ 
190, 313, 502 Plate on outer end 
“ 286, 518 Double plate on 
outer end 
187, 300, 520 Good earth on 
outer end 
280, 513 Good earth on in- 
ner end 
270, 500 Cylinder on outer 
end 
Simple Marconi, | 1 meter 420, 650 * ‘Free wire 
3™ antenna | 
“ “ 356 Plate on outer end 
415, 640 Braun coh’r in free 
| wire 
“ 645 Iron turnings coh’r 
in free wire 
“ 400, 650 Silver powder coh’r 
| | in free wire 
2 meters | 400, 620 Free wire 
ee a 360 Plate at outer end 
“ | 865 “ “ “ “ 
| 153, 342, 533 “ inner “ 
| 810, 550 ‘Free wire 
| 348 ‘Plate at outer end 
“ | “ | 150?, 336, 480 
Slaby-Arco, 3" 1 meter 638 Free wire 
| 


antenna, 


*Minimum. These two readings are from the bottom curve in fig. 4. The 
value 580 is found there also. 
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the length of the wire. The maxima are at 580™* (the value 
just given), and 1160* (=580 2), and a minimum at 850, 
half way between. . 

Next, a large plate of metal, 90 by 180™*, standing in a ver- 
tical plane perpendicular to the wire, was securely joined to 
one end of the wire, which was then examined as before. Here 
with a.capacity so large one would almost expect resonance to 
take place with wires one-half the previous lengths. But such 
was not the case, the chief resonance being with a length of 
313°, and less pronounced effects with lengths 190 and 502° 
(Curve Il). With a plate twice as large, however, the chief 
resonance was with a wire 286™* long. Next, a good earth 
was obtained by soldering together metal sheets (total length 
6°6 meters, width 80°™*) and securely binding one end of the 
strip so formed to a heating radiator. The maxima are given 
in the table. When the earth was on the outer end of the 
wire the chief maximum was given with a length of 300°, 
when on the inner end a maximum was given with 280°. 
The mean of these two values, 290°, is exactly half that 
with the free wire.* This is evidence that on reflection at the 
free end of a wire there is no loss of phase. 

On attaching the small cylindrical capacity supplied with 
the instrument in place of the large plate, the curve III was 
obtained, best resonance being given with a wire 500 long, a 
smaller effect with 270°*. Curve IV was obtained with the 
same disposition as for curve I, but with antenna 3 meters 
long. 

It is seen that the cylinder capacity reduces the length of 
wire from 580 to 500%, and thus it may be considered, in an 
oscillating system, as approximately equivalent to 80™* of the 
wire. 

Curve V_ shows the resonance effect with the Slaby oscilla- 
tor of antenna 3 meters. It shows resonance for a single half- 
wave-length of 638°". 

In figure 6 are exhibited resonance effects obtained with the 
simple Marconi radiator with antenna 3 meters long, the 
receiving wire being at different distances and arranged in dif- 
ferent ways. Curves I and II were taken with the receivin 
wire 1 meter from the transmitting antenna, III to VI with 
the distance 2 meters, and VII to X with it 3 meters. Curves 
I, III, VI refer to a wire free at both ends; Il, IV, V, VII, 
IX with a large plate at the outer end; and VI and X with 
the plate at the inner end. In every case the plate stood in a 
plane perpendicular to the wire. 

*In the former paper the experiments led to the conclusion that a large 
capacity (e. g., the earth) joined to a vibrating system acts like a plane mir- 


ror in optics, a result first predicted by J. von Geitler, Wied. Ann., lv, 
p. 313, 1895. : 
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For the wire free at both ends there are two resonant lengths, 
the resonance not being very sharp, just as we should expect it 
to be with a radiator much damped. With the plate on the 
outer end, however, there is only one maximum, whieh is very 
clearly marked ; while with the plate on the inner end there 
are three resonant lengths, the chief one being somewhat 
shorter than with the plate in the former position. From theo- 
retical considerations Wien* concluded that with both the 
inductively- and the directly-connected radiators there should 
be present two distinct sets of waves of different periods and 
damping coefficients. With the Braun apparatus this is clearly 
evident, but there is no trace of a second maximum with the 
Slaby radiator. On the other hand, the simple Marconi radia- 
tor gives two resonant lengths when the wire is free at both 
ends, only one, however, with the plate on the outer end, while 
three are shown when the plate is on the innerend. The 
reason for this is not easy to see. 

Again, the chief resonant length with the plate on the inner 
end is shorter than with the plate on the outer end. The only 
reason I can suggest for this is that the presence of the large 
- metal plate alters the frequency of the radiator to some extent, 
even though it be 2 or 3 meters away. Slaby+ found that 
wires stretched one meter above a zine-covered floor gave a 
wave-length ten per cent smaller than when the floor was 
entirely of wood. He traced this to a variation of the self- 
induction of the radiator, not of its capacity. 


3. The Effect on Resonance of Inserting a Coherer in an Open 
Cireuit. 

To test for this effect the coherer was inserted in the middle 
of the straight wire arranged as in I, LI, VII, fig. 6, and this 
then gradually shortened for resonance as before. The simple 
Marconi radiator with antenna of 3 meters was used and the 
receiving wire was 1 meter away. 

Three coherers were experimented with. The first was the 
one supplied with the Braun apparatus. The second was of 
iron turnings in a tube 20™* long and having an internal diam- 
eter of 8°", The third had silver plugs 3" in diameter, 1"™™ 
apart, with about one-fifth of the space between filled with fine 
powder, mostly of silver. In each case a decohering tapper 
was arranged on an independent circuit and was kept in con- 
tinuous action. 

*M. Wien, Wied. Ann., lxi, p. 151, 1897; Ann. der Physik, viii, p. 686, 
1902 ; see also G. Seibt. Phys. veitechrift, iv, p. 485; Graf Arco, Elektro- 
technische Zeitschrift, 1903, p.1; A. H. Taylor, Physical Review, xviii, 
p. 230, 1904. 

+ A. Slaby, Der Multiplikationsstab, ein Wellenmesser fur die Funkentele- 
graphie, § 7, Elektrotechnische Zeitschrift, No. 50, 1903. 
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The resonant lengths are given in table 3, but the curves, 
being quite similar to I, fig. 6, are not shown. 

The conclusion was that the coherer did not alter the reso- 
nance, that it behaved like its length of good conductor. This 
agrees with Kiebitz’s* results. 


4. Exploration of Wires receiving Radiation from the Simple 
Marconi Transmitter. 

In these experiments the antenna was 3 meters long, with 
the receiving wire (unless otherwise stated) 1 meter distant. 
The general arrangements are shown in fig..7. 


7 


The receiving wire in every case but the last was 650° 
long, which length was found in experiments just described 
(see curve I, fig. 6) to be resonant with the transmitter. 


*F, Kiebitz, Ann. der Physik, v, p. 872, 1901; vi, p. 741, 1901. 
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The exploration showed that with the wire arranged as in I. 
tig 7, there was present only the fundamental, perfectly formed 
(see curve I, fig. 7). When the wire was ~oved along to the 
position shown in II, the vibration was roughly in the funda- 
mental mode, but very poorly formed, the highest reading 
being but two-fifths of that in I (see curve Il). When, how- 
ever, the receiving wire was moved along to the position shown 
in III, the fundamental was well-formed and one-fourth more 
powerful than inI. This shows that of the receiv- 
ing wire is of importance, the greatest effect being given when 
the middle of the wire is opposite the end of the antenna. 
Abraham* has remarked that on account of the transversality 
of the vibrations, there should be no radiation in the direction 
of the axis of the antenna. Arrangement IV was to test this 
conclusion; it was found that the receiving wire responded ina 
decided manner, a well-formed fundamental being present one- 
half as powerful asin I. The arrangement V gave the curve 
shown, the minima. being at 180 and 486, the maximum at 352, 
corresponding roughly to the first harmonic of the wire. The 
greatest reading was about one-fourth that in I. With a wire 
bent in the same way but placed as in VI, the fundamental 
oscillation proper to the wire and as powerful as in I was 
exhibited. This is a rather striking result. The arrangement 
VII, with the large metal plate at the center, was indistinguish- 
able from I. Thatfor VIII (the same as V with the plate added 
at the bend in the wire) gave the fundamental somewhat dis- 
torted shown in curve VIII. In IX the coils had a diameter 
of about 5°5°"*, and were 2“"* apart. In this case the fundamen- 
tal was very roughly formed (see curve IX), with the reading at 
the end of the coil twice as great as at the end of the straight 
portion. This shows the “multiplication” effect utilized so 
capably by Slaby and von Arco, though it was not nearly so 
great as it would have been had the length of the coil been prop- 
erly adjusted for resonance. In X the wire was half-length, i. e., 
pace and the fundamental was well-formed, half as powerful 
as in I. 


5. Repetition of some of Slaby’s Fundamental Experiments. 


The methods here used for determining resonant lengths and 
for exploring the wires seemed well suited for repeating some 
of Slaby’st fundamental experiments, and my results in some 
cases were somewhat different from those published. 

Each half of the oscillator consisted of a brass rod 3°4™" in 


*M. Abraham, Ann. der Physik, ii, p. 32, 1900. 

+A. Slaby, The Scientific Basis of Spark Telegraphy, Elektrotechnische 
Zeitschrift, No. 9, 1902; Lond. Electrician, vol. xlix, p. 6, 1902. Also, Der 
Multiplikationsstab, etc., Elektrotechnische Zeitschrift, No.50, 1903. 
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diameter, ending in a knob 9°5™™ in diameter, the length over 
all being 1 meter. The spark-length was 2°8"" in air, and the 
knobs were kept polished for good effects. 

First, the length of wire required for resonance with the 
oscillator was found as explained in section 2. The experimental 
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disposition is shown in diagram I of figure 8, distance d being 1 
meter, and curve I shows the result. Resonance was well- 
marked, attaining a maximum with a length 204". This is evi- 
dently the half-wave-length of the oscillator. Then the wire AB 
was made in succession 204°™* and long, and at a distance, 
d, of 1 meter, was explored when exposed to the action of the 
oscillator. In each case there was a well-marked fundamental. 
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With the wires 204°* long, bent at the middle and placed as in 
II, the oscillation was the fundamental proper to the wire with 
node at B. When a wire 306™* long was bent and placed as 
in III, the effect was weak and the vibration poorly formed, 
as shown in the corresponding curve. There isa loop of poten- 
tial at each free end, and no other pronounced feature. With 
408°™* of wire doubled and bent as in IV, the vibration was 
perfectly formed with nodes at B,D, loops at A,C,E. 

Next, a wire 612°* long, the straight portions being the 
same as in IV, and the bent portion CD being 204° long, 
was examined, first with a Braun coherer between the ends 
D,E, and secondly with the ends D,E joined directly. The 
effect on this closed circuit was small, with no trace of nodes or 
loops to be found. 

Phen a wire 280°* long, arranged as in I, was explored. 
Here the wire was much out of resonance. The vibration was 
the fundamental proper to the wire and very well formed. 

Lastly, the relation between the magnitude of the effect and 
the distance of the resonating wire from the oscillator was deter- 
mined. For this the wire was 204° long, and the distance 
d was varied from 50 to 600™*. In the accompanying curve 
abscissee give the distance d, the ordinates the corresponding 
demagnetization of the detector hung on the end of the wire. 
It will be seen that the curve is hyperbolic in form, and the 
effect, therefore, varies inversely as the distance. 


University of Toronto, Toronto, Canada. 
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Arr. XLII.—Spectra of Gases at High Temperatures ; by 
Joun TRowBRIDGE. 


[Presented at the International Electrical Congress of St. Louis, 1904. ] 


Tue new theories in regard to the complexity of the atom, 
together with a multiplicity of ionization phenomena, make 
the results of spectrum analysis obtained by the discharges of 
electricity in glass or quartz tubes difficult of interpretation. 
To use ordinary language, “so many things can happen,” such 
as dissociation ; combination with the gases set free from the 
walls of the containing tubes; masking of the spectrum of one 
gas by that of another, reversals of spectrum lines and so on. 

These complicated conditions which accompany our study of 

seous spectra make it almost impossible to conclude from 

aboratory experiments that we have imitated the phenomena 
presented by the distant stars. 

For several years I have been endeavoring to obtain new 
series of hydrogen lines which might presumably manifest 
themselves at very high temperatures. In the progress of this 
work I have obtained a number of interesting facts which I 
shall dwell upon in a brief manner in this paper ; but I have 
failed to find a new series of hydrogen lines, possibly from the 
reason that the reactions both in glass and quartz vessels mask 
the series. It seems impossible to experiment at a higher tem- 
perature than I have obtained, certainly if one employs such 
vessels as [ have mentioned. 

My investigations have been conducted with a storage battery 
of 20,000 cells, which were used to charge large condensers. 
The advantages in using a storage battery for experiments in 
spectrum analysis are well recognized. These advantages are 
sae seen in the employment of condenser discharges. 

hen the condensers are charged through a large liquid resist- 
ance they charge to the same potential each time, and then 
discharge without the intervention of a discharger, through 
the Geissler tube. The number of discharges can be closely 
regulated by the amount of aon resistance which connects 
the poles of the condensers to the battery. The regularity of 
such discharges through the Geissler tubes is remarkable. In 
popular language one can call the arrangement an electric 
clock, for the discharges follow each other at regular intervals. 
In this way one avoids the spark at a discharger and is sure of 
always obtaining the same difference of potential at the ends 
of the Geissler tube. 

The en temperature to which one can submit a gas is 
presumably that of the electric discharge from a condenser ; 


opinions differ in regard to the degree of heat which one can 
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obtain by such a discharge. The limit I have reached is the 
volatilization of silica; perhaps 1800 degrees. At this tem- 
perature the spectrum shown by all gases in narrow capillary 
tubes consists of a continuous spectrum crossed by broad bands 
due to silica or to an oxide of silica; the gaseous spectra are 
completely masked. This masking seems to be due to the 
greater conductibility of the volatilization products from the 
walls of the tubes and from the metallic terminals. It seems 
to me that this variation in conductibility is sufficient to account 
for the phenomena of masking without recourse to a theory 
of electrons which provides for suitable damping of electrical 
oscillations. The electron theory may be an ultimate explana- 
tion, however, of electrical conduction. 

When terminals of different metals are employed in capil- 
lary tubes of glass or quartz, and are separated four or five 
millimeters, complicated phenomena result from powerful con- 
denser discharges through the rarified gases contained in these 
tubes. 

All specimens of glass which I have tried, soft German glass, 
lead glass, Borsilicon glass, or Jena glass, give broad bands due 
to silica; lead glass gives, in addition, lead lines. Jena glass 

ives a very strong line of boron at wave length 3451°49. 
hese lines and bands are obscured by a continuous spectrum. 

The narrow capillaries with metallic terminals, which I have 
used, may be called electric furnaces in which there is no per- 
manent product or permanent decomposition ; moreover, the 
spectra which we observe do not reveal all that the capillaries 
contain. Hydrogen may be present; but it is concealed. 
Oxygen shows its presence only by probable oxides ; the con- 
stituents of rarified air are undoubtedly always there. The 
conditions which prevail in the case of discharges in such nar- 
row capillaries seem to be analogous to those in the case of 
discharges under liquids. In this latter case we also have 
reversals of metallic lines; and, moreover, certain character- 
istic lines of metals are wanting—see “Spectra from the 
Wehnelt Interrupter,’ Harry W. Morse. (Proc. American 
Academy of Sciences, May, 1904.) 

These results make one doubtful in regard to the entire sub- 
ject of spark spectra which are observed between metallie 
terminals in ordinary air; and we are forced to ask, what 
influence does the environment have upon the character of 
these spectra—to what must we attribute the presence of oxy- 
gen? And even if we take spark spectra between metallic 
terminals in an atmosphere of hydrogen or nitrogen we are not 
sure that the results are not modified by the gases which are 
occluded in the metallic terminals. 

Are we sure that, even in electrodeless tubes, helium is a 
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product of disintegration of radium; a transmutation, so to 
speak ; and is not a result of the electrical stimulus in the 
environment of glass or quartz a stimulus which may bring to 
light the helium which has refused to manifest itself by chem- 
ical analysis ? 

In general it may be said that the greater the conducfibility 
of the volatilization, products either from the walls of the tubes 
or from the metallic terminals determine the occurrence of the 
spectral lines or bands. The spectrum, for instance, of silica 
completely masks the spectrum of the iron terminals when the 
latter are placed not more than five millimeters apart. When 
the terminals are of different metals the spectrum of the more 
volatilizable metal predominates: or more strictly, the spectrum 
of the better conducting vapor. 

Another striking fact brought to light by such discharges in 
capillaries is the reversal of many of the spectral lines on 
broad bands. The broadening of the lines of the metals is 
generally toward the red end of the spectrnm. The quantity 
of the discharge appears to be the important factor in deter- 
mining the character of the spectra; electromotive force, per se, 
does not give new lines which can be detected by photography. 
The effect of high electromotive force begins to be evident at 
a exhaustions and then only in producing cathode and 

-rays. 

This latter fact can be well shown by a Tesla coil actuated 
by a Cooper-Hewitt mercury interrupter such as was employed 
by Dr. G. W. Pierce (Proc. Am. Acad., 1904). With a suit- 
pe step-up transformer, in connection with such an inter- 
rupter, I have studied the spectrum of hydrogen, and have not 
obtained a spectrum which differed from the one obtained b 
the same amount of energy with a lower voltage. The hig 
voltage ranged from 100,000 volts to 3,000,000. 

The broadening of metallic lines seems to indicate an oxidiza- 
tion. One can conceive of a loading of the metallic molecule 
by various degrees of oxidization which leads to a broadening 
towards the red end of the spectrum, or in other words to 
longer wave lengths, and an unloading due to dissociation 
which leaves the molecule free to emit shorter wave lengths. 
That an oxidization results from a discharge of electricity in 
glass or quartz tubes filled even with apparently | hydrogen 
seems to me to be evident from my experiments. The unavoid- 


able presence of water-vapor in glass, and I may add, in quartz 
tubes, lends color to this oxidization theory ; this vapor is dis- 
sociated by the electric current, the oxygen, set free, combines 
with the molecules of the metals, or with the molecules of 
silica and its metallic impurities. 

The following experiment illustrates this oxidization : 
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A Geissler tube, fig. 1, with an internal diameter of one 
inch, was provided with an inner capillary, one end of which 
was blown to the walls of the larger tube ; the other end was 
free inside this larger tube. An electric discharge passed 
between two ring electrodes A and B, which were placed in 
the larger tube. The discharge, A 
therefore, started, so to speak, in 
the larger tube, passed through the 
narrow channel of the capillary 
and emerged to the cathode. The 
tube was filled with pure hydrogen B 
which was dried by phosphoric © 
pentoxide. Under the effect of 
powerful condenser discharges, the four-line spectrum was 
much enfeebled in the capillary ; the red color, characteristic 
of condenser discharges in hydrogen, gave place to a brilliant 
white light, and when the capillary was viewed end on, a con- 
tinuous spectrum was seen. When, however, the discharge 
- issued from the capillary a brilliant red aureole was seen 
around the end of the capillary. This aureole gave a much 
enhanced four-line spectrum. The temperature inside the 
capillary was sufficient to volatilize the walls of the capillary, 
and, therefore, was competent to decompose the water-vapor 
into oxygen and hydrogen. Just outside the end of the capil- 
lary, the temperature fell to the point of recombination of these 
gases to water-vapor. 

In another experiment the Geissler tube G, fig. 2, was placed 
between two manometer gauges, and was exhausted to such a 
degree that the electric discharge failed to pass. One end of 
the Geissler tube, that nearest to the pump, was shut off by 
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means of a stopcock B; and dry oxygen was admitted to the 

ump until the manometer gauge connected with the pump 
indicated two centimeters pressure. The stopcock was then 
opened so as to admit the gas to the Geissler tube. The corre- 
sponding manometer gauge at the opposite end of the Geissler 
failed to register the requisite equalization of pressure, there 
having arisen an oxidization of the mercury meniscus by 
means of which the capillary constant between it and the glass 
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had been changed. This holding of the mercury meniscus was 
large and had to be overcome by vigorous tapping of the tube. 
An analogous effect was obtained when the Geissler tube was 
filled with rarified air, and also when it was filled with nitro- 

en. When, however, it was filled with dry hydrogen, the 

olding effect was comparatively inappreciable. The oxygen 
produced by the dissociative effect of the electric discharge 
combined with the hydrogen and no longer oxidized the sur- 
-face of the mercury. In this connection it may be observed 
that the mercury meniscus in the Lippman electrometer is 
affected principally when. it is made the positive pole, and, 
therefore, oxygen is liberated. 

Perhaps the most striking experiment in this connection can 
be made with the steady current from a large storage battery. 
When Geissler tubes, preferably of half a centimeter internal 
diameter, are provided with copper terminals, and are filled 
with dry hydrogen at pressures of one millimeter to one-tenth 
of a millimeter, a steady diminution in the pressure of the gas 
results from the application of the discharge; the light of the 
spectrum grows dimmer and dimmer, then the cathode rays 
appear, finally the X-rays, and then no discharge can be forced 
through the tube until a much higher electromotive force is 
employed, or heat is applied to the tube. This heat evidently 
drives off water-vapor from the walls of the tube together 
with air ; a fresh application of the steady current again dimin- 
ishes the pressure in the tube to an —— vacuum. Thus 
one can exhaust, so to speak, a Geissler tube by employing a 
steady current of electricity to dissociate the ever present 
water-vapor. With copper electrodes, the oxidization pro- 
duced by this dissociation is more evident than with the other 
metals; although I have observed it with magnesium termi- 
nals, with iron terminals and with other metals. 

These experiments lead me to believe that, just as in chem- 
ical reactions, a certain amount of water-vapor or humidity is 
essential to conduction in gases whether brought about by 
what is called chemical affinity or electrolytic action. 

I have dwelt upon the broadening of the lines of metals in 
capillary tubes. This phenomenon is also observed with hydro- 

en lines, and was first noticed by Liveing and Dewar, Chem. 

ews, xlvii, p. 122, 1883. These authors attributed the 
broadening to compression of the gas in the narrow capillary 
under the effect of a powerful condenser discharge. Their 
method of experiment was as follows: The tube was exhausted 
only to perhaps five or six centimeters pressure, so that a white 
discharge of a spark nature passed through the capillary and 
then spread out to electrodes placed in the large ends of the 
tube. When the tube was viewed end-on, a continuous spec- 


Trowbridge—Spectra of Gases. 425 


trum was seen in the capillary; moreover, this continuous 
spectrum was crossed by a dark line which resulted from the 
absorption of heat in the colder layers of gas in the larger 
portions of the tube. 

The broadening of the spectra of the vapors of metals which 
I have observed in capillary tubes has thus its analogy in the 
case of gaseous spectra. 

Having obtained reversals of the spectra of metallic vapors 
under new conditions, I was naturally interested in the experi- 
ment of Liveing and Dewar, especially since a controversy had 
arisen between M. Cantor and E. Pringsheim in regard to the 

ssibility of the reversal of gaseous lines in Geissler tubes. 

. Cantor* concluded from his experiments that such reversals 
do not occur in the phenomena of luminescence, such as one 
obtains by the discharges of electricity in Geissler tubes. 
Pringsheim objected to these conclusions on the ground that 
Cantor did not observe a sufficiently narrow portion of the 
spectrum of the gas and did not use sufficient dispersion. 

ringsheim+ quotes the results of Liveing and Dewar in sup- 
port of his position. 

In repeating Liveing and Dewar’s experiment, it occurred to 
me that objection might be brought against it on the ground 
that it was a spark discharge and not a clearly marked glow*or 
luminiscent discharge such as Cantor evidently had in mind. 
I, therefore, placed a second spark gap (fig. 3, 8) just outside 
the inner capillary of the large Geissler tube provided with an 


3 


inner capillary, as I have previously described in speaking of 
the temperature inside a capillary and in the an just outside. 
The discharge passed first through the capillary and then by 
means of an outside connection through the second spark gap ; 
thus the light from the capillary passed through the light from 
the second spark gap. In both cases the light was a glow or 
luminescence and not a white spark discharge, the pressure in 
the tube being from one to two centimeters. ‘ 

A Rowland grating was employed and an eye-piece was 
fixed on the C line of hydrogen. The second spark gap gave 
a fine bright line of the apparent length of the slit, the capil- 


* Ann. der Phys., 3, 462, 1900. 
+ Ann. der Phys., 5, 1900. 
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lary a continuous spectrum, and where the fine bright line 
crossed this continuous spectrum, it was reversed. 

Kirehhoff’s law of radiation thus applies to the radiation in 
Geissler tubes, and Pringsheim’s contention is justified. If 
the solar corona is an electrical phenomenon of the nature of 
luminescence, it can exhibit either bright lines or dark lines 
according as it is hotter or colder than the background. 

In this study of the upper limit of temperature which one 
can reach by electric discharges through rarified gases, we per- 
ceive that spectrum analysis is one of the most difficult analyses 
which modern science has revealed. There are a few broad 
facts such as Doppler’s principle and the reversal of spectral 
lines according to Kirchhoff’s law; on the other hand, there is 
ionization, dissociation, adsorption and absorption, all modified 
by the glass or quartz vessels which must be employed. 

M. Cantor calls attention to the fact that Hittorf failed also 
to observe reversals of spectral lines in the case of electric dis- 
charges in Geissler tubes. Hittorf speaks of a first series of 
hydrogen lines which are seen with feeble discharges. This 
feeble spectrum with its bands seems to be a peculiarly lumi- 
nescent effect in which any translatory or colliding effect of 
the molecules is a minimum. The new theories in regard to 
the composite nature of the atom seem to demand an exten- 
sion of our views in regard to the nature of the light emitted 
by atoms aud their aggregates under the stimulus of an elec- 
tric discharge. The phosphoreseent and fluorescent light of a 
gas under this stimulus may arise from the mechanism of the 
atom and therefore may not give sensible heat. The combina- 
tion of atoms into molecules, and their dissociation and forma- 
tion of new combinations, may give the spectra we usually 
observe under the effect of fairly strong electric discharges, 
and provide the sensible heat which can be measured by the 
bolometer or the thermal junction. 

Spectrum analysis of the future thus becomes more and 
more difficult of application, and one of its most important 
fields is in the study of phosphorescent and fluorescent light 
emitted by gases. We seem to be on the point of regarding 
the light and heat of the sun more from the electrical stand- 
point. And the study of discharges of electricity in rarified 
gases assumes a great importance. . 
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Arr. XLITI.— Two New River Reptiles from the Titanothere 
Beds ; by F. B. Looms. 


Atruoven the Titanothere beds of the White River forma- 
tion are usually regarded as of flood plain origin, the known 
distinctively river animals are very few. Such forms as Elo- 
therium and Ceenopus lived along the river banks ; but of those 
dwelling in the water itself, none has been described, although 
occasionally a reference is made to fragments of Trionyx. The 
Amherst College Expedition of 1903 found two well-preserved 
river forms, which, together with a remarkable case of rede- 
position of Cretaceous fossils in the White River beds, make 
the basis of this paper. 

Several times in the Oligocene “Bad Lands” along the 
Cheyenne River fragments of crocodilian dermal scutes were 
found ; and, finally, in the Finney Breaks near Fulsom Post 
Office, 8. D., a specimen came to light, consisting of 10 verte- 
bree, 25 dermal scutes, the femur, tibia, astragulus and a num- 
ber of fragments. Then, in the museum of the South Dakota 
School of Mines, Prof. O’ Hara showed me a crocodilian snout, 
found in the Titanothere beds in Indian Draw, distant some 
six miles from the first specimen. This imperfect skull is used 
as the type of the new species; and the skeletal parts, inas- 
much as they are of dimensions appropriate to the skull, are 
referred to the same species, of which the following is the 
description. 


. Crocodilus prenasalis, nov. spec. Figs. 1-9; 1-6, x4, 7-9, x }. 

The front end of the cranium with nine tooth alveoli on 
either side is preserved, together with-the anterior part of the 
lower jaw, still in position. The snout is broad and short, 
indicating a wide head. The undivided nasal opening is very 
far forward, and differs from that of other crocodiles in the 
lack of a distinct anterior border, this portion of the nasal 
cavity having a smooth, rimless boundary on the premaxilla. 
The nostril opening would seem, therefore, to have been 
directed to the front rather than upward on top of the snout. 
(This lack of a rim gives the snout a distinctly mammalian 
appearance.) The boundaries of the frontals are not distinct, 
but if what appears to be the suture is correct, they are unusu- 
ally wide. eir upper surface is covered with good-sized 
pits. On the left side, just where the snout is broken off, is a 
constriction on the meni to receive a tooth of the lower jaw. 


This comes just behind the ninth superior tooth, but just 
which tooth of the lower jaw would fit into it cannot be deter- 
mined, as the two jaws are closely interlocked. The two 
halves of the lower jaw are completely fused at the symphysis. 


A 
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The teeth preserved (the eighth and fourth superiors on the 
left side) are conical, slender and slightly recurved. 

The vertebre are all deeply proccelous. Those of the lum- 
bar region have heads (posterior), which are short, wider than 
high and rectangular in outline. Those of the dorsal region, 
Lai are smaller and have prominent conical, rounded 

eads. 


The dermal scutes are of many shapes, mostly quadrilateral. 
Some have sutures on both lateral margins and seem to have 
been in rows up and down the back. I should judge there 
were four rows. Some have the suture along one side only, 
and must have belonged to the outside rows. And lastly, a few 
seem to have lain free in the flesh, having no trace of a con- 
tact. Types of each sort are figured (figs. 7-9, x4). All are 
deeply and profusely pitted. Those which were in the rows 
have a more or less marked ridge running lengthwise. 
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The femur has a wide flattened head, the articulation extend- 
ing around the whole end as in the modern forms. The tibia 
is very like that of a living C. palustris, as is also the astrag- 
ulus, which, however, has a shorter heel. 


For measurements see the figures, which are all to scale. 


Chrysemys inornata, nov. spec. Figs. 10,11. 


The genus Chrysemys, to which Hay* ascribes many of the 
Eocene species described as Emys, has not been heretofore 
found in the Oligocene, although to be expected in river 
deposits. A good many small undeterminable fragments were 
picked up through the summer; and finally, while excavating 
a titanotherium skeleton at the head of Bear Creek in Spring 
Draw Basin—ten miles east of Creston Post Office,—directly 
under the skull, as though crushed by the fall of that animal, 
was discovered a complete carapace and plastron of C. inornata. 

The carapace is broadly oval and but moderately convex. 
The anterior margin has a shallow median notch: the posterior 
a distinct median notch, and on either side three diminishing 
scallops, one on each marginal plate. The nuchal: plate is 
much wider than long; so that its lateral corners underlie the 
first costal seute on either side. The antero-lateral borders of 
vertebral plates numbers 1 to 6 are much shorter than the pos- 
tero-lateral borders. The anterior suleus of dorsal scute num- 
ber 5 crosses the anterior end of neural plate No.9. In general 
appearance this species closely resembles Hmys lativertebralis 
Copet from the Wasatch: but on C. énornata the posterior 
margin is scalloped (resembling C. scripia in this respect). 
Then in £. lativertebralis the nuchal plate does not extend 
under the first costal seute. Lastly, the tenth neural plate of C. 
inornata is longer than that‘ of £. lativertebralis, while the 
eighth is shorter. 

he plastron is about two-thirds the width of the carapace, 
the meso-sternal plate being anterior to the pectero-humeral 
suture. This plate is as wide as long and broadly rounded. 


*Bull. U. S. Geol. Surv., No. 179, p. 447. This Journal (4), xviii, 267, 
d + Geog. Surv. West of 100 Meridian, vol. iv, p. 53 
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The posterior lobes of the plastron end in broad points, due to 
the inner margin of the anal plates being deeply excavated. 

The shell throughout is thin, the sutures being strongly 
marked. 
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The following are the most important measurements, all 
parts of the drawings being to scale. : 


Length of carapace ....-...-..-.. 303 meters 
Width of carapace .......-.... 
Length of plastron ........-.-- °265 
Width "144 
Length of meso-sternum ....... °045 


Width of meso-sternum 045 
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Along with these fossils was an unusual bit of evidence of 
the river origin of the Titanothere beds, supplementary to that 
already given by Matthew* and others. On the head of Bear 
Creek and along the north side of Spring Draw Basin, about 
thirty feet above the undoubted base of the White River beds, 


11 


was found a considerable collection of Ft. Pierre fossils. The 
collection consists of 15 Baculites ovatus 8., 2 Baculites grandis 
H. & M. Over 100 baculites were seen, but only such as had 
satisfactory sutures were saved, and a specimen of a Mosasaur 


* Matthew, Amer. Nat., vol. xxxiii, 1899 
Acad, Arts and Sciences, vol. xxxv, 1900, p. 


sf 403; Davis, Proc. Amer. 
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(Platycarpus ?) consisting of 20 vertebrae, 24 paddle pieces and 
some fragments, 28 bones in all. All of these occurred in con- 
cretions similar in shape, size and structure to those in the Ft. 
Pierre but lighter in color, and stained with hematite on the 
outside and wherever weathered. The baculites occurred over 
an area about three miles in diameter, in many places in great 
abundance. However, in none of the neighboring localities 
did any trace of these fossils occur; although the Titanothere 
beds were carefully examined for more such material. he 
species are those not uncommon in the neighboring Ft. Pierre. 
he underlying Oligocene is mostly the typical white chalk of 
the formation, with near the base some beds of sand and gravel. 
In the chalky beds about six feet above the base of the White 
River formation, and 25 feet below the Ft. Pierre fossils, 
Titanotherium bones were collected. The beds are clearly 
Oligocene : the fossils clearly Cretaceous. 
ut one explanation is at all adequate, and that is, that the 
river depositing the Titanothere beds supplemented the load of 
mud its waters were carrying by washing out the Ft. Pierre of 
its banks, and carried this along, depositing it with the rest. 
The distance probably was not gredt. The current must have 
been rapid however; for the concretions were carried with the 
fossils. This is certain, for the baculites would never stand 
transportation without breaking, except in the concretions. 
Then 28 bones of a Mosasaur were not excavated, carried along 
and redeposited together, unless held bya matrix. The size of 
the concretions is from one to three feet in diameter, indica- 
ting what the force of the current must have been. Inasmuch 
as the nature of the material making up the Titanothere beds, 
and the contained fauna, have already been considered sufficient 
evidence for the river origin of these beds, such a case of rede- 
position seems to me conclusive evidence of the flood plain 
formation of the beds. And the foregoing has given two at 
least of the forms living in the river. 


EXPLANATION OF FIGURES. 


Fie. 1.—Crocodilus prenasalis nov. spec., snout of specimen No. 1 seen 
from above. x }. 

Fig. 2.—Same seen from below. x}. 

Fie. 3.—Crocodilus prenasalis nov. spec., specimen No. 2 dorsal vertebra. 


x 
Fic. 4.—Tibia of same. x}. 
Fic. 5.—Femur of same. x }. 
Fic. 6.—Astragalus of same. x 4. 
Fie. 7.—Dermal scute with two margins sutured. x 
Fic. 8.—Dermal scute with one margin sutured. x } 
Fie. 9.—Dermal seute which lay free in the skin. x 


Fie. 10.—Chrysemys inornata nov. spec., carapace. x §. 


Fie. 11.— 
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Art. XLIV.—Emmonsite (?) from a New Locality ; by 


W. F. 


Dr. Watpemar LinpaRren, of the Geological Survey, col- 
lected in the W. P. H. mine at Cripple Creek, Colorado, a green 
mineral which has been observed in other mines there, and 
which on examination in the laboratory showed close resem- 
blances to the emmunsite described by the writer nearly twenty 
yearsago.* It differed from it, however, in outward appearance 
by assuming mammillary forms instead of crystalline plates. In 
its optical properties, so far as they were determinable, there is 
perhaps no positive disagreement with those reported for 
emmonsite. r. W.T. Schaller reports as follows : 

“There are two cleavages, one parallel to (010) and another 
parallel to a form in the orthozone. Axial plane parallel to 6 
(010). Be, perpendicular to a cleavage face in the orthozone. 
The extinction on the clinopinacoid is inclined 25° to 30° to 
the vertical axis. 2E is approximately 40°. Double refraction 
medium, and the mineral non-pleochroic.” 

The gangue in which the specimens were found is granite 
and schist, close to their contact with a porphyritic breccia, in 
a vein pocket, at a distance of about 150 feet from the surface. 
Associated with it was very rich native gold ore and also tel- 
lurite, though neither of these was apparent on the few speci- 
mens that came to the laboratory. 

Like emmonsite, the mineral melts at a low heat to a red- 
brown liquid, but, unlike it, gives on stronger heating only 
tellurous oxide with no trace of selenium or selenious oxide. 
Analysis confirmed the absence of selenium. Its density, too, 
differs from that of emmonsite, if the determinations, in both 
cases on scanty material, are to be depended on. After allow- 
ing for gangue the one emmonsite was judged to have a 
density of at least 5, while that of the present mineral is but 
little above 4°53, after allowing for 22°44 per cent of gangue, 
consisting mainly of quarts, and to which the specific gravity 
of quartz was assigned. 

In its appearance the present mineral would seem to resemble 
durdenite more than emmonsite, but the marked difference in 
water content differentiates it sharply from that mineral, which 
yields over ten per cent. 

After deducting 22°44 per cent of gangue containing over 
90 per cent of silica, three portions of from 0°15 to 0°20 gram 
net weight each gave the following results : 


* Proc. Colorado Sci. Soc., ii, 20, 1885. 
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Mean. Ratios. 


70°83 71°80 70°71 
22°67 22°81 22°79 22°76 1:00 
° 

H,O at 100° | 
H,0 above 100 4°54 1°77 
0°34 0-34 
058 054 056 
SiO,, ete.* 0-88 
100-00 


Allowing alumina to offset the P,O,, though it may belong to 
a soluble silicate or to the tellurite and a small proportion of 
iron be demanded for the P,O,, the ratios given in the final 
column result. They areas unsatisfactory as those afforded by 
the original emmonsite, which were for Fe,O,: TeO,, 1 ; 3°65 in 
the original description and 1 : 3°75 : 1°82 for Fe,O,: TeO,: H,O 
if the supplementary determinations in this Journal, xl, 81, 
1899, are accepted. The presence of tellurite in association 
with the green mineral suggests a possible explanation of the 
failure to obtain a simple ratio, though such contamination was 
not noted in the material analyzed nor on the neighboring 
gangue. If this explanation is correct, however, the variation 
from the original emmonsite ratio becomes still more marked. 
Provisionally the mineral may be regarded as emmonsite. 

The above results are given in some detail, notwithstanding 
their inconclusiveness, because of the importance of accumula- 
ting data regarding the as yet small but interesting group of 
ferric tellurites, and inciting collectors and mining men to care- 
ful search for and preservation of further material for more 
extended study. 

Thus far, emmonsite, durdenite, and an unnamed mineral 
from Cripple Creek, described by Knight in the Proc. Colorado 
Sci. Soc., v, 66, and affording likewise unsatisfactory ratios, 
comprise the list of natural ferric tellurites, the formula of 
no one of which can be regarded as established beyond ques- 
tion. 


U. S. Geological Survey, Washington, D. C., Oct. 1904. 


*Includes alkalies, traces of magnesia and gold, and a small amount of a 
= “ed =— precipitable by hydrogen sulphide, whose identity could not be 
establi 
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Art. XLV.—The Matawan Formation of Maryland, Dela- 
ware, and New Jersey, and its relations to overlying and 
underlying Formations ; by Wm. Butock CLarK. 


Tae name Matawan was proposed by the author in an 
article published in the Journal of Geology in 1894 and was 
there described as equivalent in a general way to the term Clay 
Marls of Professor Cook. The chief characteristics of this 
series of strata had been briefly discussed, however, two years 
earlier in the Annual Report of the State Geologist of New 
Jersey for 1892. In this earlier publication the separation of 
the deposits into a lower clayey and an upper sandy member 
was indicated, although the names Crosswicks clays and Hazlet 
sands were not introduced until 1897 in an article published in 
the Bulletin of the Geological Society of America. 

The work of the writer on the Cretaceous stratigraphy 
of the Middle Atlantic Coastal Plain has been conducted 
peronreyy for the U. 8. Geological Survey, and was started in 

onmouth County, New Jersey, beginning in 1891. The 
results of these early investigations, published the following 
ae in the Annual Report of the State Geologist of New 

ersey for 1892, which was accompanied by a “ preliminary 
geological map,” represent mainly the conclusions which were 
reached from a study of that local district. A wider extension 
of the studies after 1891, both in New Jersey and Maryland, 
led to the preparation of the fuller article published in the 
Bulletin of the Geological Society of America in 1897, in 
which certain modifications were made in earlier views. The 
practical completion of the detailed mapping of the Cretaceous 
formations in New Jersey and in Maryland the present season 
has now led, it is believed, to a fairly close approximation to a 
correct interpretation of the conditions represented in the entire 
ape between the Potomac and the Raritan rivers. In the 
ight of the Maryland work, the earliest maps prepared in New 
Jersey have been more or less modified in local details, although 
the general results remain the same. 

In a discussion of the Coastal Plain formations of Maryland 
and New Jersey, it should be borne in mind that the entire 
series of Upper Cretaceous deposits amount to scarcely five 
hundred feet in total thickness, and that the beds, as far as 
known, are practically conformable throughout. Beginning 
with clays and sands slightly glauconitic, they pass over into 
greensand marls, Five formations have been defined and 
mapped, and several subdivisions of most of these formations 
described by the writer. 

In order that the conclusions reached by the author and his 
associates may be clearly understood, the following discussion 
of the stratigraphic relations of the Matawan formation is 
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introduced. With the extension of the work southward from 
Monmouth County, and more particularly with the study of 
the stratigraphy in Maryland, we soon came to the conclusion 
that the reddish brown sands (Mt. Laurel sands, called Weno- 
nah sand by the New Jersey Geological Survey) beneath the 
Lower Mar! bed (Navesink marls) properly belonged with the 
Navesink marls and Redbank sands above rather than with the 
Matawan below. The Redbank sands were found to disappear 
in about the latitude of Philadelphia, bringing the Navesink 
marls in Camden, Gloucester, and Salem counties, New Jersey, 
into immediate contact with the Rancocas marls above, from 
which, however, they can be separated by their contained fos- 
sils and by their more or less distinctive materials. The 
Monmouth formation was established to embrace the three 
beds.* In Maryland, however, no such differentiation of the 
Monmouth is discernible, the only deposits found between 
the Matawan formation below and the Rancocas formation 
above being more or less homogeneous red sands, glauconitic 
from base to top. Earlier attempts to maintain the New Jersey 
subdivisions in Maryland have not proven satisfactory.t A 
roper division of the Cretaceous deposits would therefore call 
or a drawing of the line between the Matawan and Monmouth 
formations below rather than above the Mt. Laurel sands. 

A lens of clays and. interbedded sands lying beneath the 
jana Matawan at Cliffwood, New Jersey, on the shores of 
the Raritan Bay, and included by the writer in that formation 
in his “ Preliminary Geological Map of portions of Monmouth 
and Middlesex counties, New Jersey,” accompanying the report 
of the State Geologist for 1892, has been the subject of much 
discussion of late, although none of the views thus far advanced 
seem to afford an adequate explanation of the conditions there 
presented. The clays, which are more or less micaceous and at 
times sandy, possess many features in common with the typical 
Matawan deposits above, even to the occurrence now and then of 

atches of glauconite.{ The interbedded sands, as well as the 
ack of continuity of the clay beds, suggest, on the other hand, 
conditions characteristic of the Raritan, although the deposits 
as a whole show quite marked differences from the typical 

* Bull. Geol. Soc. Amer., vol. viii, pp. 315-358, 1897. 

+The idea has been advanced that the Maryland Monmouth may perhaps 
represent the Mt. Laurel sands alone, and that the Navesink marls along with 
the Redbank sands have disappeared in Maryland, but the long distance 
between the last outcrop in New Jersey and the first occurrence on the west 
side of the Delaware Bay renders it unwise to draw such a conclusion from 
the data nowat hand. The deposits have furnished, to be sure, specimens of 
Belemnitelia americana, which is a distinctly lower Monmouth form farther 
north, but as they did not come from the higher beds of the Delaware- 
Maryland strata the evidence is not conclusive. 

¢Mr. E. W. Berry, ona recent visit to the locality, removed a small envelope 
full of glauconitic material from one of these patches below the debatable 


contact of the Matawan. The writer has also found glauconite in these beds, 
although the patches are very infrequent. 
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Raritan beds. The most important feature connected with 
this occurrence is the presence of a typical Cretaceous marine 
fauna,* part of the species being similar to the overlying Mata- 
wan, and a flora* containing many representatives of genera 
more recent than those in the Raritan below. Mr. E. W. 
Berry,+ who has recently studied this flora, finds that only 37 
per cent of the forms occur in the Raritan and among tliese the 
oldest and most characteristic types are lacking. In an earlier 
communication I referred to the lack of a clear line of separa- 
tion between these beds and the typical Matawan above. At 
the time of my first and only study of the occurrence, thirteen 
years ago, the sections were much less distinctly exposed than 
at present, slips obscuring the upper beds. I felt in much 
doubt at the time as to whether the beds belonged to the Mata- 
wan above or to the Raritan below, and although I at first 
regarded them as Raritan and so mapped them, I finally 
decided to refer them to the Matawan and changed my lines 
accordingly before publication. On a recent visit to the locality 
I found the line of contact clearly shown, and it is evident that 
the Cliffwood clays represent an older horizon than the basal 
Matawan elsewhere exposed. Messrs. Kiimmel and Knapp in 
the recent Clay Report of the New Jersey Survey, have referred 
these beds to the Raritan, but from their structural relations, 
lithologic character, and contained fossils it is apparent that it 
is equally impossible to refer them to that formation. All of 
these features indicate that these deposits constitute a transi- 
tional zone between the Raritan below and the Matawan above, 
and that they should be given independent rank as a formation. 
A study of the basal contact of the Matawan formation from 
the Potomac to the Raritan rivers shows that the Matawan rests 
on successively later deposits northward, thus indicating a grad- 
ual transgression of the Matawan over the Potomac formations 
southward. Near the Potomac river the Matawan overlies the 
Patapsco formation, but farther north the Raritan soon appears. 
In approaching the Severn river and on the Eastern Shore of 
Maryland, deposits that suggest the Cliffwood beds occur be- 
tween the typical Raritan and Matawan. In Delaware and also 
in southern New Jersey similar deposits have been found by 
the author and his associates, marine fossils occurring in the beds 
at Bordentown. Characteristic concretions of iron carbonate, 
frequently fossiliferous, have been found all the way from the | 
shores of the Chesapeake to Cliffwood on the Raritan, although 
marine fossils have not been observed south of Bordentown. 
These deposits are significant in furnishing the earliest known 
Coastal Piain marine fauna, .a fauna which apparently con- 


tained the first strictly marine types of life to migrate into the 


* Hollick, A., The Cretaceous Clay Marl Exposure near Cliffwood, N. J., 
Trans. N. Y. Acad. Sci., vol. xvi, pp. 124-136, pls. xi-xiv, 1897. 

¢Bull. N. Y. Bot. Garden, vol. iii, No. 9, pp. 45-103, pls. 43-57, 1903; 
Amer. Geol., vol. xxxiv, pp. 253-260, pl. xv, 1904. 
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basin of Potomac sedimentation. It is possible that the Island 
Series of Professor Ward farther north may also prove to be 
the equivalent of these beds, although the exact stratigraphic 
limits of the former are not quite clear. 

Uhler* in 1892 described what he termed the ‘ Alternate 
Clay Sands” overlying his Albirupean (in part Raritan) forma- 
tion in Maryland, and Dartont in 1893 proposed the name 
Magothy formation for these deposits, stating that they con- 
stituted a well-defined stratigraphic unit between the Potomac 
formation below and the marine Cretaceous deposits (Matawan, 
ete.) above. He, as well as Shattuck,} regarded certain of the 
clays, which unquestionably underlie the true Matawan forma- 
tion, as part of the Matawan, and the similarity of the materials 
would often suggest this reference. Recent work by the 
writer and his associates both in Maryland and in New Jersey, 
as well as along the Delaware and Chesapeake Canal§ in 
Delaware, shows that a series of deposits, lying between the 
Matawan above and typical Raritan below and consisting of 
alternating beds of dark clays and light sands, the latter fre- 
quently brown in color, or of one or the other, as the case may 
be, and having a thickness of from 10 to 100 feet or more, can 
be traced almost continuously from the western shores of the 
Chesapeake Bay in Maryland to the Raritan Bay in New Jersey. 
Darton was evidently the first to name this formation should it 
be ultimately shown to represent a single stratigraphic unit. 
In the absence of satisfactory exposures in Maryland a critical 
study of the plant remains is demanded before final ——— 
can be passed. It is highly probable, however, that the Mary- 
land strata represent a somewhat lower horizon than the fossil- 
iferous beds at Cliffwood, and may be the equivalent, in part 
at least, of the “laminated sands” which underlie the lignitic 
beds at Cliffwood. The base of Darton’s Magothy ‘may thus 
prove to be the base of the “laminated sands” and may neces- 
sitate the transfer everywhere of certain upper sands hitherto 
regarded as Raritan to the Magothy-Cliffwood series. 

he Matawan formation in New Jersey, as previously stated, 
has been divided by the author into the Crosswicks clays and 
Hazlet sands, the former corresponding to the Merchantville 
clay and the Woodbury clay and the latter to the Columbus 

*Uhler, P. R., Trans. Md. Acad. Sci., voi. i, pp. 200, 201, 1892. 


Darton, N. H., this Journal, ser. iii, vol. xlv, pp. 407-419, 1893. 
Shattuck, G. B., Md. Geol. Survey, Cecil County Report, pp. 158, 159, 


§ The section in the Deep Cut of the Delaware and Chesapeake Canal is 
one of the best in the Coastal Plain and shows the Matawan resting on the 
clays and sands of the Magothy formation, which at this point are in places 
highly lignitic. The Matawan formation consists at the base of chocolate- 
colored marls 15 to 20 feet in thickness overlain by black micaceous sandy 
clays 10 to 12 feet in thickness, which together apparently represent the 
Crosswicks clays. Above these beds is a more sandy member distinctly 
glauconitic that may perhaps represent the Hazlet sands farther north. At 
the eastern end of the Deep Cut the red sands of the Monmouth occur with 
fossils characteristic of the lower Monmouth in New Jersey. 
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sand and the Marshalltown sand and clay of the New Jersey 
Geological Survey.* 

The Matawan formation gradually thins from about 220 feet 
on the shores of the Raritan Bay to less than 20 feet along the 
Potomac, where the formation finally disappears. The country 
throughout much of this distance of me he 200 miles is more 
or less thickly covered with deposits of Pleistocene age which 
make it impossible to trace the beds continuously, although the 
numerous well-borings have greatly aided in the interpretation 
of the deposits. Vor cartographic purposes, on the scales 
adopted by the U. S. Geological Survey and the Maryland 
Geological Survey, it has not been thought desirable to 
attempt thé mapping of the subsidiary divisions of the Mata- 
wan, although this is reported to have been successfully accom- 
plished for the State Geological Survey of New Jersey by Mr. 
G. N. Knapp, who has recognized four members in the Mata. 
wan, known from below upward as the Merchantville clay bed, 
the Woodbury clay bed, the Columbus sand bed, and the 
Marshalltown sand and clay bed,t which he has extended 
ponerse across the State of New Jersey, although the 

olumbus sand bed 100 feet thick in Monmouth County is 
represented as reduced to 20 feet at Swedesboro and “ farther 
southwest it seems to pinch out.” These beds, because of the 
different physical conditions attending their formation, are 
reported by the State Geologist of New Jersey to show minor 
in their faunas, these faunules being recognized 
wherever the deposits appear. These subdivisions cannot, 
however, be satisfactorily recognized in Maryland, where the 
Matawan possesses greater homogeneity, being throughout 

redominantly a micaceous sandy clay.t Similar faunal dif- 
erences commonly appear with lithologic variations, and in 
Maryland many such occurrences have , al recognized and 
described in the Paleozoic and Tertiary formations, although 
from their size it has not seemed wise to cartographically rep- 
resent them. 

Many attempts have been made to correlate the Atlantic 
Coast Cretaceous deposits with other American and with Euro- 
pean formations. In an earlier paper the author referred to 
the Senonian and Danian affinities of the higher Cretaceous 
formations in New Jersey, while the paleobotanists have 
regarded the lower Cretaceous formations to be the equivalent 

*See description of these beds in vol. vi, Final Rept. of the State Geolo- 
gist of New Jersey, pp. 155-161. 

+ These names first appeared in print in the Annual Report of the State 
Geologist for 1898 published in 1899, although the field work was started 
 gome years earlier. 

¢ The more sandy character of the upper Matawan is still recognized in 
Cecil County but becomes largely lost in Kent County where the black mica- 
ceous sandy clay increases, and is found in the upper as well as the 
lower beds. Farther south no differentiation in the formation appears pos- 
sible and the deposits become mainly black micaceous sandy clays through- 
out, although the few feet of the lower and often slightly darker beds of 


the undifferentiated red sands above may possibly represent the upper 
Matawan farther north. 


440 W. B. Clark—The Matawan Formation. 


of the Neocomian and Gault of Europe. The Cliffwood clays 
are considered by Professor Hollick and Mr. Berry to show 
Cenomanian characteristics in the flora, and a study of the 
fauna will doubtless throw much important new light upon this 
division of the Cretaceous. 

It is evident, therefore, that the Atlantic Coast Cretaceous 
formations represent a considerable part of the European series, 
although the data at hand are insufficient as yet for complete 
correlation of the several horizons. 

In the following table an approximate correlation of the 
Atlantic Coast Cretaceous formations is suggested. 


AGE. FORMATIONS. MEMBERS. 
Eocene Sharkriver 
10-15 ft. 


Manasquan 
30-50 ft. 


Dani 
om Rancocas |Vincentown Limesands| Marl 


ante ft. Sewell Marls 
a Redbank Sands and 
80-200 it. |Navesink Marls 


Mt. Laurel Sands Clay 
(Wenonah Sand of 
N. J. Geol. Survey) Marl 


Cretaceous Senonian Hazlet Sands 


Matawan | Marshalltown Sandand 
Columbus Sand bed 


Crosswicks Clays 
4 Woodbury Clay bed 
Merchantville Clay bed 


Upper 


_  |Magothy and Transi- 
| *Cenomanian | Cliffwood tional 
beds 10-100ft. deposits 


Albian- Raritan 
200-400 ft. 


Neocomian Patapsco Potomac 
150-240 ft. 


Arundel 
! 0-125 ft. 


Lower 


Jurassic (?) 
( Patuxent 
50-100 ft. 


Geological Laboratory, Johns Hopkins University. 
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Art. XLVI.—The Precipitation of Barium Bromide by 
Hydrobromie Acid ; by Norman C. Tuorne. 


[Contributions from the Kent Chemical Laboratory of Yale University— 
CXXXI.] 


In former articles from this laboratory,* processes for the 
separation and determination of certain chlorides, hydrous or 
anhydrous, by the action of hydrochloric acid have been 
studied. The present article deals with the similar separation 
and determination of barium bromide by the agency of hydro- 
bromic acid. 

The hydrobromic acid used in the experiments to be 
described was prepared by dropping from a stoppered funnel 
liquid bromine into naphthalene dissolved in kerosene, passing 
the hydrogen bromide evolved through a purifying tower 
charged in layers with glass-wool and red phosphorus and a 
bee trap, and saturating distilled water with the gas thus 
purified. 

Pure barium bromide was made by dissolving barium chlo- 
ride in water, precipitating barium carbonate by ammonium 
carbonate and ammonium hydroxide, washing the precipitate 
by decantation and dissolving it in hydrobromic acid. This 
solution of barium bromide was evaporated to dryness and the 
barium bromide thus obtained was used in the following 

n the first series of experiments a weighed amount of the 
barium bromide was dissolved in the least volume of water, 
and treated with hydrobromic acid or with a mixture of hydro- 
bromic acid and ether in equal volumes. The liquid was sat- 
urated with hydrobromic acid gas and filtered upon asbestos, 
and the precipitate washed by a mixture of hydrobromic acid 
and ether, dried in air bath or over Bunsen flame and weighed 
as BaBr,. The details of these experiments are given in 
Table I. 


TaBLeE I. 

BaBr, taken. HBr. HBrandether, BaBr, found. Error. 
grm. em’, em', grm. grm. 
0°293 30 _  0°2934 +0°0002 
0°1264 30 0°1260 —0°0004 
0°1134 30 0°1132 —0°0002 
0°1347 30 0°1367 + 070020 
0°1040 30 0°1035 —0°0005 
0°0744 20 0°0748 +0°0004 
0°1197 30 071211 +0°0014 
0°4327 30 0°4345 +0°0018 


* This Journal (38), xliii, 521 (Mar); (4), ii, 416 (Gooch and Havens); (4), 
iv, III (Havens); (4), vi, 45 (Havens); (4), vi, 396 (Havens), 
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Considerable difficulty was had in drying the barium bro- 
mide so as to obtain a constant weight, and the barium bromide 
repared in the manner described did not dissolve completely. 
he results of these experiments are thereby lacking in uni- 
formity. Presuming that the source of inaccuracy is to be looked 
for in the formation of an oxybromide, the precipitate in the 
next experiments, after filtering upon asbestos, was treated with 
ammonium bromide and then dried over a radiator,—at first 
at a low temperature and finally at a temperature high enough 
to drive off the ammonium bromide. hen the thermometer 
inside of the radiator showed a temperature of 250° C. all the 
ammonium bromide disappeared and left a barium bromide 
which gave constant results, as shown in the following table. 


TABLE II. 

BaBr, taken. HBr and ether. BaBr, found. Error. 
grm. grm., grm. 
0°1330 30 0°1534 +0°0004 
0°1013 30 071016 +0°00038 
0°2769 30 0°2760 —0°0009 
0°2359 30 0°2353 —0°0006 
0°1580 30 0°1579 —0°0001 
0°2955 30 0°2947 —0°0008 
0°2822 30 0°2813 —0°0009 
0°1962 30 0°1962 0°0000 
0°4127 30 0°4125 —0°0002 
0°2751 30 0°2750 —0°0001 
0°3181 30 0°3183 +0°0002 
0°3049 30 0°3039 —0°0010 
0°3754 30 0°3752 —0°0002 


These results indicate plainly that barium bromide, prepared 
in a state of purity and free from oxybromide, may be com- 
pletely precipitated from solution in water by treatment with 
a mixture of hydrobromic acid and ether in equal parts and 
saturation of the liquid with hydrogen bromide. 

Some experiments in which precipitation was effected by a 
mixture of concentrated hydrobromic acid and ether in equal 
- without satirating with the gas, led to similar results. 

n these experiments the material weighed out was the crys- 
tallized hydrous barium bromide, BaBr, . 2H,O. 


Tape III. 
BaBr, ° 2H, HBr+ BaBr, BaBr, 
taken. ether 1:1. found. calculated. Error. 
grm. grm. grm. rm. 
0°2008 30 ce. 0°1793 0°1790 +0°0003 
0°2041 30 0°1822 0°1820 + 0°0002 
0°2047 80 0°1821 0°1825 —0'0004 
0°2171 30 0°1937 0°1936 +0°0001 
03101 30 0°2768 0°2765 +0°0003 
0°5035 30 0°4496 0°4490 + 0°0006 


0°5015 30 0°4476 0°4473 +0°0003 
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The action of hydrobromic acid upon barium chloride was 
next studied, with or without the presence of salts of calcium 
and magnesium. 

A weighed amount of barium chloride, BaCl, . 2H,O, was 
dissolved in the least volume of water and treated with a mix- 
ture of hydrobromic acid and ether in equal volume. The 
whole solution was saturated with hydrobromic acid gas, fil- 
tered upon asbestos, and then, to ae sure that no barium 
oxybromides might be formed, treated with ammonium bro- 


mide, dried and weighed as BaBr,. 


IV. 

BaCl, HBr+ Theory Error 
2H.O ether BaBr. as in 
taken CaCO; MgCOs. found. BaBr, BaBr, 
grm grm grm. em‘, em’, grm grm 
0°2253 30 0°2744 0°2741 +0°0008 
0°2088 30 0°2538 0°2540 —0°0002 
0°3273 30 0°3975 0°3982 —0°0007 
0°3177 30 0°3864 0'3865 —0°0001 
05041 0°5000 30 0°6134 0°6143 —0°0009 
0°5083 0°5000 30 0°6185 06191 —0°0006 
05046 0°5000 30 0°6139 0°6136 +0°0003 
0°5022 0°5000 30 06110 0°6104 +0°0006 
0°5018 0°5000 30 0°6106 06108 —0°0002 
0°5007 0°3000 30 0°6087 0'6092 —0°0005 
0°5048 0°3000 30 0°6144 0°6142 +0°0002 


From these results it is obvious that barium may be separated 
and determined as the bromide in presence of oa of calcium 
and magnesium; and it appears also that when the proportion 
of hydrobromic acid to the barium chloride is that of the 
experiment and the precipitate ignited with ammonium bro- 
mide, the results are in practical accord with those which should 
be obtained if the precipitate consists entirely of barium 
bromide. 

On the other hand, it appears from the following series of 
experiments that when a sufficiency of hydrochloric acid is 
added to the water solution of barium bromide the pre- 
cipitate falls practically as the chloride. 


TABLE V. 

BaBr,.2H:0 HCl BaCl, - BaCl, Error in 

taken. used. Ether. found. theory. BaClh,. 

grm. em’, em?, grm. grm. grm. 

0°2044 25 5 0°127 0°1277 + 0°000 
0°2011 25 5 0°1258 0°1257 +0°0001 
0°5021 25 5 0:3138 0°3138 0°0000 
0°5037 50 10 0°3148 0°3147 +0°0001 
0°5020 25 5 0°3135 9°3137 —0°0002 
0°3868 25 5 0°2418 0°2417 +0°0001 
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So it appears that precipitation is complete in presence of a 
sufficiency of either acid and that the precipitate will fall 
chiefly as the bromide or as the chloride iaatiinn to the pro- 
portions of hydrobromic acid and hydrochloric acid present, 

It was thought a matter of interest in this connection to test 
the constitution of the precipitates when incomplete precipita- 
tion is brought about by addition of one of these acids, the 
other being present in considerable proportion, though in 
amount wholly insufficient to produce by itself precipitation 
in the volume of water used for solution of the barium salts. 

Following is the record of experiments in which 1 grm. of 
barium chloride, BaCl, . 2H,O, was dissolved in water, hydro- 
chloric acid added to incipient precipitation, and then an amount 
of hydrobromie acid whieh by itself would produce no pre- 
cipitation in the water solution. The precipitate was dried 
and weighed, and the content in bromine determing” by the 
method of Baubigny and Rivals.* 


BaCl,. Water Bromine BaBr, 
2H,0 for HBr HCl in in 
taken. solution. added. added. Precipitate. precipitate. precipitate. 

grm. em’, cm’, em’, grm. grm. grm. 
1, 30 3 22 0°503 7+ 0°0129 0°0240 
1. 42 5 31 0°6241 00141 0°0263 
1, 40 5 30 0°6338 0°0202 0°0375 


The meaning of these results seems to be that the precipita- 
tion of the bromide is induced by the action of the hydrogen 
chloride upon the solvent, water. The production of free 
bromine ions and barium ions to the amount of the solubility 
product of barium bromide in water is, under the conditions, 
an impossibility. If this be admitted, it seems highly probable 
that precipitation of barium chloride is likewise conditioned 
by the action of the hydrogen chloride upon the solvent. 

It has been customary on the part of some to explain the sim- 
ilar precipitation of other chlorides soluble in water, like sodium 
chloride, by large amounts of hydrochloric acid upon the assump- 
tion that insolubility is due to increased concentration of the 
chlorine ions, and such processes have been held to be typical 
of processes in which precipitation is affected by concentration 
of the free ions. It seems more probable, however, that it 
is the action of the hydrogen chloride upon the solvent which 
is the effective thing in such precipitations, as in the precipita- 
tion of barium bromide, after addition of hydrochloric Bie by 
an amount of hydrobromic acid wholly insufficient to cause 
precipitation in the water solution. 

I wish to express my thanks to Prof. Gooch for suggestions 
and advice given during the progress of this work. 

* Compt. rend., exxv, 527, 607. 


Dried three months in desiccator over sulphuric acid. 
Dried 6 hours at 80° and 12 hours in desiccator over sulphuric acid. 
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Cycadeoidea Wielandi. S. 394. x30. 


Portion of a transverse section of an ovulate cone, cutting exterior bracts 
above and two adjacent proembryos filling the seed cavities, as sur- 
rounded by the mass of seed pedicels and interseminal scales. 
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Arr. XLVII.—The Proembryo of the Bennettitew; by G. R. 
Wretann. (With Plate XX.) 


Durine the course of the preparation and study of large 
numbers of sections made from many different fossil cycad 
trunks representing various stages of growth and fructifica- 
tion, no more important feature has been discovered than the 
proembryos, of which various examples have been observed in 
several different fruits of Cycadeoidea from the Black Hills. 
As no developmental stage, if the archegonia of Cycadino- 
carpus augustodunensis be excepted, has hitherto been 
observed in any extinct plant, this discovery is of extreme and 
novel interest. It has, therefore, been deemed appropriate to 

resent a preliminary description, to be amplified and further 
illustrated in the writer’s memoir on the Structure of the 
Fossil Cycads, now nearly ready for publication by the Car- 
negie Institution of Washington, under whose auspices these 
investigations have been pursued. 

Amongst the fossil cycads in the Yale collection closely 
resembling the so-called Bennettites Gibsonianus from the 
Isle of Wight, but still referred by the writer to the genus 
Cycadeoidea, the trunk numbered 393 is very completely silici- 
tied, and bears a number of fine ovulate cones. In the various 
longitudinal and transverse sections cut from these cones, 
nearly all the tissues are clearly indicated, and the seed bodies 
have reached approximately the size of those of the type of 
C. (Bennettites) Gibsonianus, found by Solms-Laubach to 

- contain dicotyledonous embryos, nearly or quite filling the 
seed cavity, and hence exalbuminous, or nearly so. These 
are the only fossil embryos ever found. In the sections from 
trunk 393, as is usually the case in silicified plants, the seed 
cavity is often filled with more or less clear quartz, or by 
structures and traces of structure which cannot readily be 
interpreted. But there are in the present instance notable 
exceptions; a considerable number of the seeds, as one must 
conveniently call any stage of seed development which is not 
or cannot be specified, contain well preserved large angular to 
rounded proembryonal cells. These appear to fill the entire 
nucellar space in some of the transverse sections. Such an 
instance, where two adjacent seeds are finely conserved, is 
shown on Plate XX, enlarged thirty diameters. In other 
cases the large granular to rounded cells of the proembryo 
appear to have am but partially preserved, or else to have 


collapsed, carrying the nucellar wall inwards as if there had 
been a central cavity in the large-celled mass, as usually 
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clearly to be seen abutting on the wall of the nucellus. There 
are also especially to be noted in the transverse sections several 
irregular ribbon-like traces about the thickness of the cell 
walls, extending quite across the large-celled mass, filling or 
nearly filling the nucellus. These traces or rather surfaces 
occur too often to be considered wholly accidental, but are not 
ee pe to be either suspensors, or tubular dspores, or cells 
such as precede embryo formation in Zphedra. Their fuller 
explanation doubtless awaits the preparation of more numerous 
sections and the comparisons they may permit. In some of 
the sections presumably cutting the upper half of the pro- 
embryo, as already hinted, there is a suggestion if not a clear 
indication that. the mass of proembryo tissue was either less 
dense in its central regions, or, that. there was actually present 
a small central cavity. This important point, which would 
indicate a fundamental agreement with the existing cycads, 
cannot be so readily settled as yet, since in no instance has a 
longitudinal section been cut from a proembryo as well pre- 
served as the two shown in the plate. In one longitudinal 
section showing the lower two-thirds of a seed it is clear that 
the lower half of the nucellus was closely filled by the typical 
large undifferentiated cells making up the mass of the pro- 
embryo. In another longitudinal section, the superior end of 
the nucellus is seen to extend well into the tip of the seed, 
which is quite filled with the characteristic large-celled pro- 
embryo tissue. Unfortunately the middle region is in this 
instance not conserved. 

There is nowhere a distinct indication of the presence of 
endosperm, or of any differentiation of the large-celled tissue 
filling the nucellar cavity, into an inner and outer zone. The © 
proembryo tissue appears to be homogeneous throughout, except 
In one instance where some more elongate cells appear to rest 
against the nucellar wall. It is, however, to be constantly 
borne in mind that it is necessary to amplify the series of 
sections. Structure will be found in many instances illustrat- 
ing not only all the features of the ae pete he but in all prob- 
ability the other stages of development, including possibly the 
early ee of embryo formation; although it may be years 
before all the facts are learned, since it is so often the fortu- 
nate exceptional section which tells the story and yields the 
reward for the cutting of sections where preservation proves 
less clear. 

Meanwhile it is possible in the light of these newly discov- 
ered proembros to make several highly interesting comparisons 
with existing gymnosperms. The proembryo was a term first 
used by Treub* in describing the embrogeny of Cycas. In 


* Ann, Jatd. Bot., Buitenzorg, ii, 1881, and iv, 1884. 
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this genus the odspore enlarges at the expense of the adjacent 
tissue. Later free nuclei become very abundant in the central 
region, and then disorganize, all the cytoplasm massing at the 
base of the spore, and parietally, with a single parietal layer of 
equidistantly imbedded nuclei, except at the base, where there 
is some massing of nuclei. Stdll later the saclike cavity of 
this stage is partly filled up by tissue preceding suspensor 
development. The proembryo ot Cycas is, in a word, sac-like, 
_ and the endosperm large, the size of the latter in a way corre- 

- BE to the excess in size of the whole seed over that of 
the Bennettitex. 

In Gingko, after repeated nuclear division of the odspore, 
there is no parietal grouping, but instead the odspore enlarges 
and comes to be compactly filled with undifferentiated cellular 
tissue, in which proembryo, suspensors, and embryo are all 
merged. This must clearly now be regarded as absolutely the 
most primitive condition known amongst the existing gymno- 
sperms, 

In the organization of the Gingko embryo, the mass of tissue 
just noted as filling the entire odspore takes part, the endosperm 

ing directly invaded without the formation of suspensors. 
Two cotyledons remarkably like those of the Bennettitez in 
both size and general appearance are produced; but their 
earliest stages have unfortunately not been figured so far as 
known to the writer. 

Comparison with the other gymnosperms shows that the 
proembryo of the Bennettitez is unique in oocupying the 
entire nucellus, although this character loses not a little of 
its isolation from the fact that the nucelle of the existing 
Cycads are almost of the same size, increase in the size of 
the seed having been plainly bound up with endosperm 
development. Again it is supposable that a progressive reduc- 
tion of endosperm had taken place in the Bennettits: and was 
perhaps a cause of the disappearance of the group. 

The most distinct agreement of the Bennettitean proembryo 
is clearly with Gingko, long known to have much in common 
with some ancient Cycadean ancestry or relationship. In 
both these proembryos, as has been seen, large-celled homo- 
geneous tissue fills the odspore, and the formation of dicoty- 
ledonous embryos takes place without the intervention of sus- 
pensors. The present discovery unmistakably determines for 
the first time that the embryogeny of Gingko is the most 
primitive amongst existing gymnosperms. 

Between the existing Cycads and the Bennettitese the com- 
parison is a more general one, there doubtless having been 
agreement in the early history of both, and the more general 
facts favoring the inclusion of the Bennettitese within a single 
great group, the Cycadales. 
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Arr. XLVIIL—Minerals from the Clifton-Morenci District, 
Arizona ;* by W. Linperen and W. F. Hitiesranp. 


In 1902 an examination was made of the Clifton-Morenci 
copper district in Arizona. Study of the collections proved the 
resence of several interesting minerals, a brief account of which 
is here given. The copper deposits at Clifton and Morenci 
consist in part of irregular or tabular bodies of oxidized ores 
in Paleozoic limestones, partly of chalcocite ores connected with 
fissure veins in a granite porphyry or in the same limestones. 
Coronadite.—On the dump of a small shaft on the west end 
of the Coronado vein, three-fourths of a mile west of Horse- 
shoe shaft, fairly large amounts of a dark metallic mineral were 
found intimately intergrown with quartz and decomposing into 
limonite. The vein at this end shows no copper minerals but is 
stated to contain some gold and its surface ores are reported to 
have been worked in an arrastre in the early days of the camp. 
In color this mineral is black and its structure delicately fibrous. 
The hardness is about 4 and the streak black with brownish 
tinge. 

‘A thin section proves it to be opaque and in reflected light 
its fibrous and homogeneous structure is well brought out. It 
cements angular quartz grains and its secondary nature is clearly 
indicated. In general aspect it is not unlike psilomelane. A 
“ates examination showed that it contained the oxides of 
ead and manganese; as it did not seem to correspond to any 
known mineral species, a separation and analysis was made. 
The results were as follows: : 

Long continued efforts to secure pure material for analysis 
aM the use of heavy solutions were not attended with success. 

he ultimate product of specific gravity, 5-246 at 22°, yielded 
on decomposition by hydrochloric acid a-residue of from 6 to 7 
per cent, which consisted mainly of silica, with a small amount 
of alumina, etc. Its presence would not have mattered much 
had it been quite indifferent to acids, but its partial solubility, 
as shown by the varying amounts undissolved on different 
trials and similar varying amounts of alumina and perhaps 
other minor ingredients found in solution, renders the calcula- 


tion of molecular ratios not altogether certain in all cases. The 
composition as found is: 


* Published by permission of the Director of the U. S. Geol. Survey. 


Pa 


Lindgren and Hillebrand—Minerals from Arizona. 449 


Insol. and silica .._....-- 7°22 


CaO, MgO, Alk., and loss 0°45 


100-00 


The material available did not admit of determining quanti- 
tatively the vanadium, which may be present in rather more 
than a mere trace, but neither it nor the phosphorus can influence 
materially the ratios given below. The vanadium would be 
effective in two ways: (1) by requiring a base for its neutrali- 
zation, if existing as an acid constituent, and (2) by liberating 
chlorine when acted on by hydrochloric acid, and thus affecting 
the values found for peroxide oxygen. If the iron exists in 
the ferrous state, it too would affect the values found for the 
peroxide oxygen and consequently for both the oxides of man- 
ganese. Assuming it to so exist and applying the proper cor- 
rections, also deducting from the lead oxide an equivalent for 
the molybdenum, assuming its existence as molybdate of lead, 
the following are the results: 


56.68 + 87 = ‘6515 = 3°00 
611+ 71 = ‘0861 ) 

2696 22299 = ‘1165 

0°91 + 72° = “0126 0°217 = 1°00 
0710 + 81 = 0012 

0°05 + 79 = ‘0006 } 

1038 18 = -0572 = 0°264 


If the mineral is to be regarded as anhydrous, the compara- 
tively simple formula R” (Mn,O,)” satisfies the above ratio, and 
it may be written structurally : 

O = Mn’”” — O 


= 


= 


* Mean of 56°10 and 56°13. Total Mn as MnO from MnSO,, 52°38 per cent. 
Peroxide oxygen 10°31 per cent. 
With a little TiO., P,O; and V;0;. ¢ State of oxidation not known. 
$ Nothing at 100°, only 0°14 per cent below 200°. 
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in which R” = Pb” or Mn’. This is to be regarded as a saturated 
salt of one of the numerous possible derivatives of ortho-man- 

nous acid that may be derived from it by removal of water, 
in the present case as follows: 

3H,MnO, — 5H,0 = H,Mn,0, 

An acid of the same empirical formula would result by 
removal of two molecules of water from three of metamanga- 
nous acid, H,MnQ,. 

It is probably best to rest for the present content with the 
above relatively simple formula and to regard the water found 
as due to incipient alteration. But if the water is to be con- 
sidered as wholly or in part essential, and furthermore constitu- 
tional—and this may very well be the proper view to take— 
then the formula becomes much more complex, namely R,’H, 
(Mn,,O,,), when none of the water is allotted to the foreign 
matter. This formula is still referable graphically to a more 
highly condensed manganous acid, and a number of isomers 
would be possible. 

Such intricate formulas as this should not cause the least 
surprise, however unlikely they may at first appear to be. The 
great number of manganites, in varying degrees of saturation 
and hydration, observed in nature and prepared artificially, some 
of them of even greater complexity that the above, are cer- 
tainly not all mixtures of only a few simply constituted mole- 
cules. A very short study of the graphic formula correspond- 
ing to the above empirical formula R’,H, (Mn,,O,,) will show 
what a vast number of closely related bodies are theoretically 
possible.by hydrating the molecule step by step, or by adding to 
or reducing the number of divalent atoms, or substituting for 
them those of another valence. Similar varieties in great number 
would be derivable from other condensed manganous acids of 
both higher and lower orders, and it is plain that because of 
the very slight differences in percentage composition between 
many of them, it is almost as hopeless to expect analysis to . 
reveal the exact empirical formula in the majority of cases as it 
is for the enormously complex albuminous bodies of organic 
chemistry. This is capaltily true because in so many cases the 
mineral manganites described are far from being homogeneous 
species. They are either mixtures of two or more of these 
closely related complex molecules, or else are contaminated by 
foreign bodies. It is not surprising then that so many com- 
pounds of uncertain formula that may be regarded as salts of 
manganous acid have been prepared in the laboratory or are 
found in nature. From the known tendency of these bodies 
to form under laboratory conditions which may very well be 
repeated in their general character in nature, it is to be expected 
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that a vast number of mineral manganites should exist, and it 
ought rather to excite surprise than otherwise if two or more 
are not formed simultaneously from the same solution. This, 
together with inherent difficulties of analysis, would offer a 
simple explanation of the fact that so few of the analyses made 
lead to rational formulas. If formed from solution their original 
state might well be one of hydration either as regards water of 
erystallization or of constitution. The temperature at which 
the water is expelled 1 the present case indicates constitutional 
water. 

Our search of the —terature has not revealed a native man- 
ganite carrying a hig! yercentage of lead, although artificial 
compounds have been »repared. For this reason, and because 
of.its distinctly erystallir + character, the present mineral seems 
worthy of receiving a specific name. The one we propose is 
Coronadite, after the famous explorer of that portion of the 
American continent from which the Territories of New 
Mexico and Arizona have been formed. 

Chaleocite (Cu,S).—The cuprous sulphide is very common 
in the Clifton district, in fact constituting at present the prin- 
cipal valuable mineral in the ores. It occurs chiefly inter- 
grown with pyrite, in the altered porphyry as disseminated 
grains or as solid seams or veins which rarely exceed two or 
three feet in thickness. It is never crystallized but has ordi- 
narily an earthy or sooty appearance and black color; scratch- 
ing it with a knife reveals the semi-sectile character and 
metallic luster. In a few small massive veinlets the normal 
metallic luster and dark gray color appear on fractures; a 
fibrous or columnar structure of the mineral is known on small 
seams in shale from the Montezuma mine: The mineral pre- 
fers porphyry, and the great bodies of ore now worked all 
occur in this rock; but it is not entirely unknown from the 
irregular deposits in limestone generally carrying cuprite and 
copper carbonates. A partial analysis of massive chalcocite 
from the Montezuma mine, Morenci, gave 96 per cent Ou,S and 
2°4 per cent FeS,, the latter probably mechanically admixed. 

The chaleocite is everywhere, in this district, a secondary 
mineral formed by the replacement of pyrite by means of 
descending solutions of cupric sulphate. The deposition of 
the mineral was accompanied by the formation of quartz, chal- 
cedony, and kaolin. In the porphyry the chalcocite ore along 
the veins begins 100 to 200 feet below the surface and con- 
tinues to a depth of 400 feet, or even more, when it is usually 
replaced by pyrite, chalcopyrite, and zincblende. 


Silicates. 

Willemite (Zn,SiO,).—This rare silicate of zine was found 
by Mr. Boutwell as very small greyish crystals on a fragment 
Am. Jour. Sct.—Fourts Series, Vou. XVIII, No. 108.—DecemBer, 1904, 

31 
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of garnet rock in the Modoc open cut, on the north side of 
Modoc Mountain. These crystals were identified by Messrs. 
Pirsson and Penfield of Yale University, who state that the 
stout hexagonal prisms look exactly like those from the original 
locality at Moresnet. 

Calamine (ZnOH,SiO,).—Small transparent orthorhombic 
crystals of calamine were identified on a specimen of decomposed 
garnet rock from the Shannon mine, just above the lime 
quarry. 

Dioptase (H,CuSiO,).—The silicate of copper, dioptase, has 
been found at only a few localities. Very beautiful speci- 
mens, which, however, are by no means common, have oa 
been known from the classic locality, the Kirghese Steppes, 
Russia, and more recently from the French Congo State, 
Africa. Dioptase is seldom found in the United States, the 
only recorded occurrences being at the Bon Ton mines, Chase 
Creek, near Clifton, Arizona, noted by R. C. Hills,* and from 
near Riverside P. O., Pinal County, Arizona, noted by W. B. 
Smith.t Well crystallized specimens of this mineral were 
found on an old dump of the Stevens group of mines, on the 
west side of Chase Creek, near Garfield Guleh. They occurred 
in asmall chimney of chrysocolla ore in limestone, now worked 
out, and the locality is believed to be the same as that described 


_ by Mr. Hills. The dioptase crystals were submitted to Prof. 


S. L. Penfield, who remarks on them as follows: 

“The crystals, measuring from 1™ to 2™™ in diameter, occur 
closely grouped together, lining cavities in a brown ferrugi- 
nous gangue im ie with amorphous 
green material which is probably chrysocolla. 

The color of the dioptase is a beautiful emerald- 

green. The habit of the crystals, shown by 

the accompanying figure, is that which 1s 

most commonly observed and is especially RS 
characteristic for dioptase; prism of the sec- 

ond order (1120), terminated chiefly by the 
rhombohedron of the first order s (0221) and 

with small faces of the rhombohedron of the ye 

third order # (1341). As is common on this 


‘ species, the prismatic faces are vicinal and 
th 


e s and « faces are striated parallel to their 
mutual intersection edges, hence the crystals are not suited for 
giving accurate measurements of the angles with the reflec- 
tion goniometer. One crystal was measured, and the angles 
of one of the rhombohedral zones, given below, are sufficiently 
close to the calculated values to establish the identity of the 
forms. 


* This Journal (3), vol. xxiii, p. 325, 1882. 
+ Proc. Colorado Sci. Soc., vol. ii, p. 159, 1887. 
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Measured. Calculated. 


ax, 1120 1341 = 28°55’ 28° 48’ 
ss’, 0231 3021 = 83 48 84 33 
s'a”", 2021 1120 = 48 18 47 43 


By crushing some of the material, imbedded in oil under a 
cover glass, and examination in convergent polarized light, 
occasional fragments were found which gave a normal uniaxial 
interference figure, with numerous rings indicating high bire- 
fringence. The character of the birefringence was found to 
be positive. Thus in all of its crystallographic and optical 
relations the material studied is like typical dioptase from 
other localities.” 

Chrysocolla (CuSiO,+nH,O). — This mineral occurs very 
commonly in the oxidized part of the deposits, but does not, 
excépt in some cases, constitute an important ore. On the 
whole, it is more abundant in the deposits in porphyry and 
granite than in those contained in limestone. he usual 
bluish green or dirty green colors and conchoidal fracture 
characterize it. It occurs in seams or coatings at many of the 
mines: abundantly in the Mammoth mine on contact fissure 
between porphyry and limestone; at several prospects on the 
Stevens group in Chase Creek near Gartield Gulch ; in the 
Terazas fissure vein in porphyry near Metcalf; at the Metcalf 
mines and many of the prospects between that place and 
Morenci; at the Modoc open eut, Morenci. Technical analy- 
ses of chrysocolla ore from Terazas mine by the Arizona Cop- 
per Company gave 


31°65 
26°30 
Undetermined 3°35 

100°00 


Normal chrysocolla should have 34:2 per cent SiO,, 45°2 per 
cent CuO, and 20°5 per cent H,O, but the analyses show great 
divergency, many probably being mixtures. Moreover, what 
has been called chrysocolla probably includes two mineral 
species. 

The optical characteristics of chrysocolla seem imperfectly 
known. Dana states that it is eryptocrystalline, while many 
other text-books, notably one issued in 1902 by Professor 
Miers, call it “ amorphous.” 

In most cases the mineral indeed seems cryptocrystalline 
with bluish gray colors of interference. But this is by no 
means universal. 
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Chrysocolla from the Modoc open cut appears as mammil- 
lary crusts of bluish green color on “ copper-pitch ore.” The 
latter is isotropic and undoubtedly a distinct mineral from the 
chrysocolla, of brown color in varying tints, some of it opaque 
and showing evidence of concentric deposition. On top of the 
chrysocolla are thin crusts of quartz and some calcite. The 
chrysocolla has three different structural forms, as seen under 
the microscope: (1) The dominant mass is a cryptocrystalline 
to microcrystalline aggregate of particles with high birefract- 
ing index ; (2) very fibrous and felted aggregates of same sub- 
stance giving undulatory effects between crossed nicols and 
medium high colors; (3) fibrous crusts on top of 1, or also in 
thin layers hen masses of 1, the individuals having such a 
remarkably parallel orientation that the aggregate of them 
appears almost like single crystals between crossed nicols, with 
black shadows sweeping across them when the table is turned. 
The extinction is parallel to the fibers, double refraction strong, 
about like augite, character negative. The same optical char- 
acteristics were repeatedly observed in thin sections of chryso- 
colla from Metcalf and other places. Reniform deposits were 
sometimes noted, the center of eryptocrystalline material coated 
with coarsely fibrous and highly birefringent material. 

Sections from the Coronado and Metcalf mines often showed 
peer. of pyrite consisting of a shell of limonite with 

ernel of fibrous chrysocolla. 

The observations of Jannettaz* on chrysocolla from Boleo 
Baja, California, Mexico, led to the same results as described 
above, but seem generally to have been overlooked by editors 
of text-books. 

Copper pitch ore.— Under this old German name is described 
a dark brown to black substance, sometimes dull but arigr vat 
with glassy to resinous luster ; hardness about 4; streak dar 
brown. It occurs among-the products of oxidation of the 
deposits in limestone, as at the Detroit and Longfellow mines 
and Modoe open out at Morenci, and is associated with azurite, 
malachite, and chrysocolla, often enclosing these minerals or 
replacing in branching veinlets, together with azurite, a shale- 
like mass, probably largely composed of kaolin. In thin sec- 
tion it is sometimes opaque, but often also translucent, gradual 
transitions obtaining in the same section, and occurs in irregu- 
lar or concretionary masses, often containing small embedded 
erystals of a doubtful mineral, possibly a silicate of zine. 
Between crossed nicols the translucent mineral always proves 
entirely isotropic and, except for varying depth of color and 
the small crystals mentioned, entirely homogeneous. 


* Bull. Soc. Min. Paris, 1886, ix, 211. 
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A rough preliminary analysis of selected pitch black material 
from the Detroit mine gave 


4°0 


Ignition loss 16°3, less oxygen due 
to conversion of MnO, to Mn,O, .. 13°7 


98°7 


Similar material surmounted by crusts of chrysocolla from 
the Modoe open cut contained much MnO,, with a good deal of 
CuO and ZnO, and is thus evidently the same substance. Man- 
ganese is largely but not certainly wholly present as MnQ,. 
The insoluble portion consists of silica, is wholly separated by 
acid without need of evaporation, and is nearly all soluble in 
dilute potassium hydroxide. It is not possible to say whether 
silica is in combination or as opal, but it cannot be present in 
any other form. 

Most of these copper pitch ores, known from many districts, 
have been described as impure chrysocolla. As shown by the 
optical characteristics, they are not however a mixture and they 
certainly do not contain any chrysocolla, the characteristics of 
which are very different. They probably represent a series of 
closely related compounds, the chemistry of which has not yet 
been fully elucidated. Prof. G. A. Koenig* describes a similar 
mineral with the same isotropic character from Bisbee, and 
names it melanochalcite. Its composition is different, contain- 


ing 


7°80 
0°07 

100°04 


Prof. Koenig considers it as most probably a basic salt of an 
ortho-silico-carbonic acid. No carbon dioxide was found in the 
Morenci minerals. In conclusion, it would seem that the 
chemistry of these copper pitch ores would bear further 
examination. 

Morencite.—In a lime shale on the intermediate level of the 
Arizona Central mine, Morenci, 200 feet below the surface, 


* This Journal, xiv, p. 404, Dec. 1902. 
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brownish or greenish spreading mases were found, containing 
brownish yellow, silky fibrous seams. The enclosing material 
consists largely of the same material as the seams, but impure 
and mixed with a little chlorite and pyrite. The whole bears 
evidence of being a product of oxidation of some contact 
metamorphic mineral. 

The fibrous mineral on the seams forms a felted aggregate as 
seen under the microscope, but it is well individualized and 
contains few impurities except a little pyrite and chlorite. The 
minute fibers are brownish yellow and slightly pleochroic, being 
darker when parallel to the principal section (opposite the 
behavior of biotite); the birefringence is strong and extinction 
strictly parallel to the fibers. o mineral corresponding to 
this has been described, but, although its individual character 
is beyond doubt, the analysis does not lead to a satisfactory 
formula. The material for the analysis was picked out care- 
fully under the lens and, examined under the microscope, it 
proved satisfactorily pure. 

The analysis afforded the results of the first column of figures 
below. In deducing the molecular ratios of the second column, 
there has been deducted sufficient lime to form apatite with 
the phosphoric oxide. 

Molecular ratios. 


45°74 757 = 10°71or 11 

100 = 200% 2 
001 | 
0°12 
H,O below redness... 4°27 282 S00“ 4 
H,O redness ...- 0°69 

98°89 


It would seem from the temperatures at which the water is 
driven off that this must exist in two conditions, and that four- 
elevenths of it must be held more securely than the remaining 
seven-elevenths. The attempt to account for four molecules of 
water as constitutional, however, led to no simple or seemingly 
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probable formula, whereas if all water is excluded the ratio is 
that of a metasilicate—R’,R’”’, (SiO,)”,,. On the other hand, 
to include the whole of the water us essential to the silicate 
molecule, for which there is little ground in view of the ease 
with which most of it is expelled, leads to an orthosilicate 
ratio—R’,,R’,R’””, 

On the whole, considering also the bad summation of the 
analysis, it is more rational to regard the mineral as a hydration 
product of an original metasilicate molecule than to attempt to 
construct a complex formula which could have but a very 
doubtful value. Considering that the mineral is not a mixture, 
but optically well individualized, we have, after some hesita- 
tion, thought best to designate it by the name morencite, 
derived from the locality in which it was found. 

Libethenite (H,Cu,P,O,,).—This hydrous, basie phosphate of 
copper was found 30 feet below the adit level of the Coro- 
nado lode, in the main shoot. It is a matter of interest to 
record its occurrence, for this rare mineral has never before 
been noted in the United States. It occurs in small erystals, 
less than 1™™ in length, deposited in cavities and seams in a 
eg gangue. The mineral was identified by Prof. 8. L. 

entield, who also kindly measured and figured the erystals. 
Prof. Penfield describes the occurrence as follows: 

“The only associated minerals are occasional clusters of minute 

uartz crystals and small tufts of radiated malachite needles. 
he color of the libethenite varies from light to dark olive- 
green, depending upon the size of the crystals. The habit of 
the crystals, as shown by the accompany- 
ing illustration, is a combination of the 
prism m (110) and brachydome e (011), 
which is exactly like that commonly ob- 
served on libethenite from foreign locali- 
ties. On an occasional crystal the brachy- 
pinacoid (010) was also observed. Al- 
though the crystals are brilliant, the faces 
are generally vicinal and give uncertain or 
multiple reflections of the goniometer sig- 
nal. The best reflections were obtained 
from the faces of the dome e, and three 
measurements of eae’, 0114 011 gave 
69° 52’, 70° 18’ and 70° 14’. The last measurement, obtained 
from the best reflections, is close to the value, 70° 8’, obtained 
by Rose. The best measurements of the prismatic angle gave 
mam’, 110,110 = 87° 11’, which, considering the vicinal 
character of the prismatic faces, is reasonably close to the value 
of Rose, 87° 40’, as given in Dana’s Mineralogy. A small 
crystal resting on a prismatic face, when examined in con- 
vergent polarized light, showed an optical axis nearly in the 


2 
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center of the field with the dark bar running at right angles to 
the vertical axis, thus indicating that the optical axes are in 
the plane of the base, as determined by Des Cloizeaux. The 
presence of copper, water and phosphoric anhydride was deter- 
mined by chemical tests.” 

A more detailed search would probably reveal small quanti- 
ties of phosphates from other mines near Morenci. They are 
certainly not abundant. 

Brochantite (H,Cu,SO,,).—This basic sulphate of copper is 
usually supposed to be one of the rarer minerals. It was, 
however, discovered at a few places near Metcalf and 
Morenci, in well developed crystals, and this led to a syste- 
matic microscopic examination of the green ores, hitherto sup- 
posed to be malachite. The result was surprising, as the 
mineral was proved to be of extremely common occurrence, 
mostly intergrown with malachite, which had _ effectively 
masked its presence. It is believed that a careful examina- 
tion of many so-called malachites from other districts will dis- 
close the overlooked importance of brochantite as a copper ore. 

Brochantite is frequently crystallized in the short but stout 
rhombic prisms combined with dome and brachypinacoid char- 
acteristic of the species. Needle-shaped and flat crystals are 
more rare. The crystals are usually of small size and fre- 
quently microscopic. It occurs as lighter or darker emerald- 
green crusts on limonite or sericitized porphyry from the Red 
ore body in the Shannon mine, from the Metcalf mines and 
many other places; as fine-grained aggregates in altered 
porphyry at the Shannon mine, near the surface, and constitu- 
ting valuable ore with up to 30 per cent copper ; from crop- 
pings of the King vein, filling seams and coating porphyry 
fragments as flat pieces or even foils with almost pearly luster ; 
from the croppings of the Copper Queen mine _ between 
Morenci and Metcalf, here as flat stellar aggregates of bluish 
green foils; at many places near Morenci, as, for instance, 
Copper Mountain and Montezuma mines, at the latter locality 
replacing chaleocite. It would probably not be found absent 
from any mine in the district containing oxidized copper ores. 
Malachite often develops later than the , 

On the whole, the mineral is most abundant in fissure veins 
in porphyry, though also occurring in the irregular deposits in 
limestone. 

Brochantite has an excellent cleavage parallel to the brachy- 
seer The macropinacoid is the axial plane and the acute 

isectrix is seen emerging in cleavage foils. Pleochroism very 
slight. Birefringence much lower than malachite, about equal 
to that of augite. This, as well as the absence of twins, dis- 
tinguishes brochantite from malachite. The reaction for sul- 
phuric acid is of course a valuable aid. 
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Spangolite (H,,Cu,AlCISO,,).—This peculiar mineral, essen- 
tially a highly basic chloro-sulphate of copper and alumi- 
num, was discovered and described by Prof, S. L. Penfield* 
some fifteen yearsago. The specimen came from some point 
within 200 miles of Tombstone, Arizona, and probably from 
one of the great copper camps of the territory. Somewhat 
later it was identified by Prof. H. A. Miers on two specimens 
from Cornwall, England, but the American locality has not 
yet been found. It is, therefore, a matter of interest to record 
its discovery on some specimens from the Metcalf mine of the 
Arizona Copper Company, taken from the workings in the 
great open cut not more than 100 feet below the surface. 
These specimens consist of white sericitized granite-porphyry, 
in part silicified, and traversed by veinlets and aiepelae masses 
of cuprite; the cuprite contains native copper and is covered 
by crusts of malachite, brochantite, and chrysocolla. A soft 
and scaly bluish green coating on the chrysocolla proved to 
consist of microscopical hexagonal crystals or cleavage foils, 
remaining dark between crossed nicols. The mineral was 
identified as spangolite, a determination in which Professor 
Penfield concurred. No measurable crystals were found and 
the mineral is very inconspicuous. It is difficult, if not impos- 
sible, to obtain material entirely free from accompanying 
minerals. 

Selected bluish flakes from this specimen gave tests for water, 
and the sulphateand chlorine ions, besides copper. There was 
too little of this pure material to permit of a test for alumina, 
but the mixed copper minerals composing the greater part of 
the specimen showed the presence of this body. It seems 
therefore probable on these grounds alone that the bluish flakes 
are spangolite. Vanadium, phosphorus, and arsenic are absent. 

The closed-tube reactions of the mixed copper minerals are 
very striking. Water is given off first. Then appears sud- 
denly a white sublimate (AICI!) near the assay, which seems to 
form or at once change to minute colorless drops. This deposit 
can be driven slowly up the tube, followed at its lower, sharply 
defined edge, by dark yellow-brown drops (CuCl,?), which on 
cooling solidify to greenish crystalline aggregates, and the 
= of the tube between them and the assay ae under the 
ense delicate feathery crystallizations like frost markings on win- 
dow panes. Down in the flame the glass becomes colored red 
(Cu,O and in parts yellow. On charcoal the blowpipe flame 
is colored azure blue and at the same time green. 

In order to compare the above closed-tube behavior with that 
of undoubted spangolite, asmall fragment of the latter, offered 
by Dr. Penfield, was tested. It gave water and then a white 


* This Journal, 1890, vol. xxxix, pp. 370-378. 
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sublimate like the one above mentioned, followed by a dark 
olive-brown liquid, which on cooling passed though lighter 
shades of color and solidified as a bright green ring. Tn general 
this behavior is very like that of the mixture under examina- 
tion from Clifton. 

Gerhardtite (H,Cu,N,O,,).—The cliffs of granite-porphyry 
in the deeply eroded Chase Creek Canyon at ‘Metcalf in many 
places show a conspicuous and extensive bright green coating 
of some copper mineral, which, no doubt, is formed by the trick- 
ling of atmospheric waters over and through rocks containing a 
small percentage of copper. Thisis not surprising, for porphyry 
in this vicinity is altered throughout by quartz cementation and 
disseminated cupriferous pyrite. This “green paint,” as it is 
frequently called, is not soluble in water, and more closely ex- 
amined consists of small dark green, roughly mammillary forms, 
coating the rock to a thickness of a few millimeters. Exam- 
ination by the microscope fails to reveal any recognizable min- 
eral in the eryptocrystalline mass. 

Chemical examination led to the interesting result that the 
copper minerals present consist of a nitrate and a chloride, 
neither of which le been found elsewhere in the mines of the 
district. Detrital grains and some silica seem associated with 
these compounds. The nitrogen seems difficult to account for 
in the absence or scarcity of animal substances which might 
have yielded it. Possibly it is contained in the porphyry. 

The closed-tube reactions of the copper minerals forming the 
mixture on this specimen are as striking in their way as those of 
the mixture containing spangolite, described elsewhere. Water 
first appears, then brownish nitrous vapors, followed by a sub- 
limate which is not very volatile, becomes black on further heat- 
ing but on cvoling yellow-brown. The glass at the bottom of 
the tube is often yellow-brown when cold. After some hours 
the sublimate nearly disappears or becomes greenish from ab- 
sorption of water. If the water which condenses in the upper 
a of the tube on first applying heat is driven out by the 

ame, and the mouth of the tube is held in the flame, this is 
colored deep green by a volatile copper compound (chloride 2). 
On charcoal the flame is azure blue and at the same time green. 
Vanadium is absent. 

The mixture contains presumably the basic nitrate gerhardtite 
and a chloride which is perhaps atacamite. Spangolite, the chlo- 
ride, can hardly be present, for the slight amount of SO, shown 
by test does not seem sufficient to account for the large 
amount of chloride. 

The only place from which gerhardtite has previously been 
identified is at Jerome mines in the central part of Arizona, 
associated with cuprite and malachite. It was discovered 
there by Messrs. H. L. Wells and S. L. Penfield. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuHysics. 


1. Conversion of Ammonia into Nitrites and Nitrates. — It 
has been known for a long time that when air acts upon metal- 
lic copper in presence of ammonia solution, a formation of am- 
monium nitrite takes place along with the solution and oxidation 
of the copper, and it has been found, also, that atmospheric 
oxygen is taken up by a solution of cupric hydroxide in ammonia, 
with the formation of nitrite. The first of these reactions gives 
a small yield of nitrite in comparison with the amount of copper 
oxidized, while the second one takes place very slowly. W. 
TravusBeE and A, Bitz have, therefore, investigated the electro- 
lytic oxidation of ammonia in the presence of cupric hydroxide, 
and have found that when an ammoniacal solution of sodium 
hydroxide containing dissolved cupric hydroxide is electrolyzed, 
nearly all the oxygen liberated at the anode is utilized in convert- 
ing ammonia into the nitrite. Electrodes of platinum and iron 
foil were used for the experiments; the latter being scarcely 
attacked in the alkaline solutions. When the electrolysis was 
prolonged it was found that the nitrite was completely oxidized 
to nitrate. It was found that the process gave a high percentage 
of efficiency in the use of the electric current on the small scale 
used in the laboratory, but it has not yet been ascertained that 
this interesting method will prove economical as a manufacturing 
process on the large scale.— Berichte, xxxvii, 3130. H. L. W. 

2. Is Tyndall’s Optical Method Capable of Showing the 
Presence of Molecules in Solutions?—It has been shown by 
Spring that it is possible to obtain aqueous solutions in which a 
powerful ray of light is invisible, just as Tyndall found, long ago, 
that such a ray was invisible in properly purified gases. Losry 
DE Bruyn and Wotrr have recently made experiments which 
seem to indicate that large molecules in solution have an action 
upon the ray of light which is similar to that of ultramicro- 
scopic, suspended particles. Their results are perhaps not yet 
conclusive, but if work on a larger scale and with better apparatus 
confirms these preliminary results, it will not be easy to distin- 
guish between real and pseudo-solutions (e. g. colloidal solutions 
of metals), by means of the action of light.— Recueil, Pays- Bas, 
xxiii, 153. H. W. 

8 A New Modification of Silicon. — Motssan and Sremens 
have found that silicon is more soluble in molten silver than in 
zinc. It was observed, moreover, that a part of the silicon was 
readily soluble in hydrofluoric acid, although it separated in a 
crystalline condition when the silver solidified. Thus, upon 
saturation, silver was shown to dissolve the amounts given in the 
following table : 
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Temperature. Total Si. Soluble. Insoluble. 
970° 9°22% 5°35% 3°87% 
1150 14°89 4°02 10°87 
1250 19°26 3°66 15°60 
1470 41°46 6°63 34°83 


It was found that when the metallic silver was only partly 
saturated with silicon, the proportion of the soluble modification 
was greater, so that when only about 2 per cent was present it 
was practically all soluble in hydrofluoric acid. This new modi- 
fication of silicon forms thin, yellow, transparent plates, the color 
of which resembles the crystallized silicon made with aluminum. 
Its specific gravity does not vary notably from that of the insol- 
uble modification.— Berichte, xxxvii, 2540. H. L. W. 

4, Phosphorescent Zine Sulphide.—It has been supposed that 
chemically pure zinc sulphide was required for the preparation of 
the well-known phosphorescent blende screens. In preparing such 
screens GRUNE noticed, however, that the results were very vari- 
able, and when particular care was taken to use very pure zinc 
xalts, the phosphorescence became weaker than usual. From this 
it was evident that traces of foreign substances improved the 
luminosity of the material, and direct experiments showed this 
to be the case. Copper was found to be the most satisfactory 
impurity, and less than 1/10,000 of this sufficed to produce a mag- 
nificent green phosphorescence. Silver, lead, bismuth, tin, ura- 
nium, and cadmium also gave good products, while iron, rfickel, 
cobalt, and chromium gave negative results. When manganese 
was present in the zinc sulphide a very sateen product was 
obtained which phosphoresced with a yellowish red light and 
became very luminous when it was rubbed or scratched.— Berichte, 
xxxvii, 3076. H. L. W. 

5. Atomic Weight of Rubidium.—An elaborate investigation 
of the value of this constant has been made by E. H. ArcurpaLp 
of McGill University, Montreal. Great care was used in purify- 
ing the material, particularly in separating the last traces of 
potassium and cesium, and several samples of different origin, as 
we'l as of different treatment in purification, gave only closely 
agreeing results. The ratios AgCl: RbCl, Ag: RbCl, AgBr: RbBr 
and Ag: RbBr were determined with very concordant results, 
giving a final mean value, when oxygen is taken as 16, as 85°485 
for the atomic weight of rubidium. This result is appreciably 
higher than the results of most of the previous investigators, the 
value adopted in the international table being 85:4.—Jour. Chem. 
Soc. lxxxv, 776. H. L. W. 

6. Radio-active Cinnabar.—It has been observed by Los- 
ANITSCH that certain specimens of the mineral cinnabar show a 
distinct radio-active action upon the photographic plate, but this 
is not as strong as the action of pitchblende. It is the author’s 
opinion that the radio-active constituent of cinuabar is not identi- 
cal with radium, and he gives to it provisionally the name radio- 
mercury.— Berichte, xxxvii, 2904. H. L. W. 
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7. Materialien der Stereochemic; von C. A. BiscHorr. 8vo, 
exxxvi+1977. Braunschweig 1904 (Vieweg und Sohn).— 
e two large volumes under consideration are made up of nine 
yearly reports on stereochemistry embracing the years 1894-1902. 
ach year’s report is divided into four sections, treating of general 
stereochemistry, optical isomerism, the geometrical isomerism of 
optically inactive bodies, and the relations between position in 
space and chemical reactions. Those who have not followed 
closely the progress of stereo-chemistry will be surprised that 
so extensive a work could be written upon the investigations of 
nine years in this subject, concerning which nothing was heard 
twenty years ago. ‘Regardless of some defects, such as slight 
attention to American work, the book will be found indispensable 
to those who are interested in this line of research. T. B. J. 

8. Die Heterogenen Gleichgewichte vom Standpunkte der 
Phasenlehre; von Dr. H. W. Bakhuis Roozeboom. Vol. II, Part 
I, pp. 467, 8vo(Vieweg und Sohn, 1904).—The first volume of this 
book has already been reviewed in this Journal [4], xii, 463, 1901. 
The present volume is devoted to systems made up of two com- 
ponents in which, as solid phases only the components occur, and 
excluding the cases where solid compounds or mixed crystals are 
present. Frequent use is made of diagrams and figures in three 
dimensions. For students of the phase rule this book when 
finished should take the part that Ostwald’s Lehrbuch does for 
students of physical chemistry in general. Il, W. F. 

9. Phosphorescence. —A long paper on this subject is contrib- 
uted by P. Lenarp and V. Kuarrt, and relates to the phosphores- 
cence of sulphides of the alkali earths. This phosphorescence 
is due to those sulphides, to a small trace of certain metals, and to 
fusible additions. Together with the chemical nature, the physical 
structure conditions the character of the light. This light 
appears only at a glow heat, never at a cold or wet stage, and is 
destroyed by pressure. Care was taken to obtain definitely pure 
substances. The addition of small trace of metals changes the 
intensity of the light, and its duration. No displacement of 
bands in the spectrum was noticed. The authors believe that 
their study of the peculiarities of the emission bands gives an 
insight into the complex phenomena of phosphorescence.— Ann. 
der Physik, No. 12, 1904, pp. 225-282. 3. T. 

10. Lippman’s Color Photography.—L. Praunvier having at 
hand a number of Lippman photographs has made a study of 
“Zenker Streifer” in regard to their bearing on the color of the 
photographs. These streifer, or bands, are spectra or interference 
colors produced by the varying thickness of the photographic 
film. ‘These spectra diffused over the photograph give the colors 
observed. The Zenker bands show that there are series of color 
pairs which do not contribute to a correct color mixture but 
which tend to neutralize to black. The Lippman method is nota 
full solution of color photography. It is, however, a beautiful 
and highly interesting physical experiment.—Ann. der Physik, 
No. 12, 1904, pp. 371-384. 3. T. 


° 


464 Scientific Intelligence. 


11. Change of Velocity of Cathode Rays in passing through 
thin Metallic Layers.—H. Hertz first observed the passage of 
these rays through thin metallic screens, and showed that the 
rays were diffused in their passage. P. Lenard’s paper on the 
passage of cathode rays outside the exhausted vessel into air 
and through various substances is well known. He found that 
the rays apparently suffered no change in velocity. W. Seitz 
came to the same conclusion. Lately E. Gehrcke showed that 
under constant potential differences a homogeneous beam of 
cathode rays after reflection from metallic surfaces showed itself 
non-homogeneous and the beam was spread out into a spectrum. 
G, E. LzirnAvuser has extended this work to the study of the pos- 
sible change of velocity which a homogeneous cathode beam 
might suffer in passing through thin metallic membranes. He 
points out that the failure of the earlier observers to notice a 
change of velocity was perhaps due to their employment of Ruhm- 
korf coils, and he has worked with a twenty-plate Holtz machine, 
which gave a constant difference of potential. He thus obtainsa 
change in velocity and confirms Gehrcke’s results.—Ann. der 
Physik., No. 12, 1904, pp. 283-306. J. T. 

12. Insulation in a Vacuum.—Lord KEtvin calls attention to 
a confusion of ideas in regard to the conductivity of the ether. 
He prefers to call the ether a very perfect non-resister of elec- 
tricity passing through it, and, therefore, that the insulation of 
electricity in a vacuum is to be explained not by any resistance 
of vacant space or of ether but by a resistance of glass or metal 
or other solid or liquid against the extraction of electrions from 
it, or against the tearing away of electrified fragments of its own 
substance. Lord Kelvin believes that it is quite true that the 
extraction of an electrion from the atom is opposed by a definite 
permanent force which must be overcome before the electrions 
can be drawn out. He computes the order of such a force. 

Between electrodes j,; of a mm. apart raised to a difference of 
potential of 200,000 volts the electrostatic force between them 
will amount to 96,000,000 volts per cm. and would give a force 
of 109°10-® dynes or 16°6 tons per sq. cm. in the electrostatic 
field ; four times the above electrostatic force, or 1,280,000 C. G.S. 
units, would give a force of 66°4 tons weight percm. The break- 
ing weight of the strongest steel wire scarcely amounts to 20 
tons per sq. cm. Hence the metallic electrodes under considera- 
tion would be broken into fragments. It would, however, bear 
the 96,000,000 volts or 16°6 tons per sq. cm. 

Lord Kelvin believes it eit be very desirable that careful 
experiments should be made with steady current on the highest 
obtainable vacuna.— Phil. Mag., Oct. 1904, pp. 534-538. J. 7. 

13. Slow Transformation Products of Radium.—Professor 
RuTHERFORD summarizes the successive changes of the various 
emanations and constituents of radium and finds that certain m4 
posititious products of pitchblende which he calls radium D and 
should have very interesting rates of transformation. Radius D 
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should emit only 8 and y rays. The 8 rays should decay to half 
value in about forty years. The radium E should emit only a 
rays and its value should fall to half value in about one year. 
Professor Rutherford considers whether these two products have 
been identified by various observers.— Phil. Mag., Nov. 1904, pp. 
636-650. J. T. 

14. Zext-book of General Physies for High Schools and Col- 
leges; by Joseru 8S. Ames. Pu.D. 768 pp.(American Book Com- 
pany.) —In this extensive book there are many excellencies at 
once apparenttoa reviewer. The print is all that could be desired 
and the diagrams are not only clear but, as a rule, exceptionally 
well designed. So too the pictures, which are presented in ample 
but not excessive numbers, are good and well chosen. An excel- 
lent feature, also, is the short bibliographies at the ends of many 
of the sections, which may prove especially helpful to a reader 
remote from a large library. 

If we look for a distinguishing characteristic in this work with 
respect to its predecessors in the same field, we should doubtless find 
it an unusually frank effort to teach physics by a mere extension 
of the individual experience of the student. As this is a method 
which, to many teachers, seems beset with formidable difficulties, 
one turns with natural interest to the treatment of mechanics, 
here extended beyond the usual proportion. The definition of 
Mechanics (p. 33) takes the unusual form “the science of the 
inertia of matter.” Nowhere, however, does the term inertia 
appear to be defined or used in a quantitative sense. The only 
definition (p. 14) is given in the following words : “ If the motion of 
a body is changed in any way by means of our muscles, we are 
conscious of the sensation of force ; and the name ‘inertia’ is 
given to that property of the body owing to which this is trne.” 
Mass is defined (p. 60) as pure number, consequently force is (p. 
60) asserted to be a magnitude of the same kind as acceleration. 
Such inconsistencies, however, will doubtless be eliminated in 
revision. 8. H. 


GroLocy AND NaturAL History. 


1. The Stratigraphy and Paleontology of the Niagara of 
Northern Indiana. Stratigraphy, by E. M. Kinpix: Paleontol- 
ogy, by E. M. Kinpre and C. L. Brecer. Twenty-cighth Annual 
Report of the Geological Survey of Indiana, 1904, pp. 397-486, 
pls. 1-25.—This small but important work treats of an area in 
which detailed stratigraphic and paleontologic work is very 
desirable because of the present great interest in the Cincinnati 
axis in relation to the distribution of Silurian faunas. 

The Niagaran formations of northern Indiana are very largely 
covered by drift, so that no complete sections are shown. Well- 
borings indicate that the thickness for the entire Niagaran lime- 
stones, principally magnesian, varies between 250 and 500 feet. 
Proximity to land is indicated by the considerable variation in 
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short distances in the texture and composition of the limestones. 
Further, “‘local lenses of sandstone have been observed at some 
localities.” In the Niagarah formation of northern Indiana, there 
is “a notable exception to the nearly horizontal and undisturbed 
condition which generally characterizes most of the other forma- 
tions of Indiana.” In the upper Wabash valley, “the strata are 
frequently found to be highly inclined.” The dips vary from 5° 
to 80°. 

“The general structure of the Niagara beds of northern Indiana 
is that of a broad arch with gently sloping sides trending north- 
west and southeast. It represents a northwestern extension of 
the Cincinnati geanticline. Its axis, approximately located, enters 
the state near Richmond, and passes northwesteily in the vicinit 
of Muncie, Marion and Peru, and continues north of the Wabas 
through Cass, White, Jasper and Newton counties into IIlinois. 
On the two sides of this line of maximum elevation of the Niagara 
the Devonian and Carboniferous rocks dip in opposite directions ; 
in Michigan and Ohio, toward the north and northeast ; in Indiana, 
toward the southwest or south ” (p. 409). “The arch described 
above is not the ‘Wabash Arch’ of Gorby, which apparently was 
supposed by its author to follow the Wabash Valley in eastern 
Indiana” (p. 409). ‘The dips seem everywhere to be quaquaversal, 
and. it is believed that all of the tilted Niagara beds of northern 
Indiana represent small domes similar to those at Huntington and 
Wabash” (p. 411). “There is at present no positive evidence as 
to the nature of the forces which produced the domes. It seems 
probable, however, that they may be analogous in origin to the 
‘mud lumps’ at the mouth of the Mississippi” as recently 
described by Harris. 

“Whatever the causes may have been which produced the 
domes, there is clear evidence that they were developed about the 
close of the Niagara period. Many of them were elevated above 
the Paleozoic sea, while others probably did not reach its surface. 
Some of the domes remained above sea level during a consider- 
able portion of the Devonian age, and there is some evidence that 
others continued as islands to the end of Devonian time.” 

“The occurrence of outliers of Pottsville conglomerate in the 
center of the Niagara area of northwestern Indiana near Reming- 
ton and Jasper indicate that a subsidence occurred after the for- 
mation of the Niagara domes which submerged all or nearly all of 
the Niagara area of that region beneath the Carboniferous sea. 
The development of the present Niagara arch in northwestern 
Indiana was, therefore, of much later date and independent of the 
formation of the Niagara domes. While the domes date back to 
the end of the Niagara, the Niagara arch is of Carboniferous or 
post-Carboniferous age.” 

“The evidence at hand points to a general elevation of the sea 
bottoms at the close of the Niagara [Guelph] in the area around 
the northern end of the Cincinnati geanticline.” 

“ A study of the faunas of the region has shown the presence in 
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it of faunas representing two distinct and successive epochs of 
the Niagara group.” The earlier of these faunas is “correlated 
with that of the Lockport limestone of New York. The later 
fauna which has been recognized contains many species of the 
Guelph limestone fauna of Canada, which has not hitherto been 
known to occur in Indiana.” The lower beds are called the 
“ Noblesville dolomite” because no trace of the Guelph fauna 
| appears in it. 

he higher formation is named the Huntington. “The bulk of 
this fauna consists of a congeries of cephalopod and gasteropod 
species, mostly of large size, together with a few heavy-shelled 
brachiopods. Only four of the fifty species of brachiopods which 
occur in the Noblesville rocks of northern Indiana have been 
recognized in the collections from Huntington.” 

Discussion by the Reviewer.—As stated by Kindle, the Nia- 
garan deposits of northern Indiana include two well-marked hori- 
zons equivalent to the Lockport and Guelph formations of New 
York. Clarke has recently shown that the Lockport limestone 
has in its upper portion a true Guelph fauna; hence it may be 
said that in a general way the Noblesville and Huntington for- 
mations are equivalent to the Lockport and probably all of the 
Lockport of New York and the Guelph of Ontario. The Nobles- 
ville fauna is in the main made up of brachiopods, while the 
Huntington is essentially a gasteropod and cephalopod fauna. 

Another important fact is indicated but not stated by Kindle. 
This is the absence of the Waterlime horizon in northern Indiana, 
although it is present over a great length of the state of Ohio. 
It is true that Waterlime is reported about Kokomo, Indiana, but 
the eurypterids from here are, with one exception, not those of the 
Waterlime, either of New York or Ohio. Farther, Conchidium 
colletti of Kokomo is of the generic type abundant in the Nobles- 
ville, and in no other American place is this genus known above 
the Guelph. The occurrence here also of a Wilsonia ( W. koko- 
moensis) is further suggestive of Noblesville. The conclusion 
seems warranted that the Kokomo cement beds are probably of 
Noblesville age rather than of the Huntington and especially the 
Waterlime or Bertie of New York. This conclusion finds further 
support in the fact that nowhere south of northern Indiana along 
the western side of the Cincinnati geanticline are known strata 
having a Guelph fauna. The work of Foerste in southern Indiana, 
Kentucky, and Tennessee indicates that the Silurian closed with 
beds not younger than the Lockport. All of Indiana was land 
from the close of the Guelph to the beginning of Onondaga time. 
In other words, during this time there was deposited in eastern 
New York all of the Cayugan, Helderbergian, and Oriskanian— 
a time of consideration duration. The first succeeding subsidence 
began in the south (Tennessee), for the Silurian is overlain b 
Helderbergian rocks of New Scotland age. In the north, subsi- 
dence did not take place until just before Onondaga time, since 
the oldest Devonian strata are of latest Oriskanian age (Decew- 
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ville) as may be seen about Decewville, Ontario. This subsidence 
was gradual and came in from the east and southeast, while the 
other progressed northward through the Mississippi embayment. 
With the beginning of Onondaga time, submergence was rapid 
and quite general throughout the Mississippian sea. It should 
be stated here that while the sea on the west of the Cincinnati 
axis became extinct at the close of the Guelph, on the east in Obio 
it continues well into the Cayugan, as is proved by the presence 
ae of Waterlime beds of the age of the lower Manlius of New 
ork. 

A marked peculiarity of the Noblesville assemblage is the 
almost total absence of corals, although to the south about the 
Falls of Ohio, and again near the straits of Mackinac, they are 
present in great variety and abundance. With this exception, 
the northern Indiana Niagaran fauna is more decidedly that of 
southern Indiana about the Falls of Ohio than that of northern 
Illinois and Wisconsin. This is seen by the presence in the 
Wabash area of the southern forms Anastrophia internascens, 
Conchidium littoni, C. unguiformis, Gypidula reemeri, G. nu- 
cleus, Camarotechia whitei (=C. sp. undet. of K. and B.), C. 
acinus, Wilsonia saffordi, Atrypa calvini, Spirifer foggi, 8. 
radiatus, 8S. crispus simplex, Cyrtia myrtia, and Meristina recti- 
rostris. Of strictly northern species, there are in the Wabash 
area Conchidium multicostatum, Spirifer nobilis, Amphicoelia 
neglecta, Lituites marshii, Ilenus armatus, I. insignis, I. ioxus, 
Ceraurus niagarensis, Spherexochus romingeri, and Dalmanites 
vigilans. Nearly all of the latter are free forms, with greater 
powers of dissemination than the brachiopods. These facts seem 
to warrant the statement that the Wabash axis was already in 
existence during Noblesville time, and that while it was more or 
less of a barrier against the free intermigration of the northern 
and eastern and southern faunas, it was not a complete barrier. 
That it was not effective is further seen in the peculiar distribu- 
tion of Conchidium. In the Louisville area during Lockport, or 
rather Louisville (= Noblesville), time we have C. complanatus, 
C. crassiplica, C. exponeum. C. knappi, C. littoni, C. nysius, C. 
tenuicostatum, and C. unguiforme. In central and northern 
Indiana, about the same time, there are C. colletti, C. littoni, and 
C. multicostatum, and, in Wisconsin, C. crassiradiatum, C. 
greenei, and C. multicostatum. During Guelph time, in the 
Wabash area, there are C. laqueatum and C. trilobatum, and in 
Wisconsin C. occidentale. C. laqueatum is related to C. occiden- 
tale of the eastern Guelph, while C. trilobatum is unique unless it 
— to be a Stricklandinia. This indicates that none of the 

oblesville Conchidia pass into the Huntington, but that the 
species found in the latter formation come from the eastern 
Guelph. 

That the Wabash axis was in existence long previous to the 
Niagaran is seen in the distribution of the earlier faunas. The 
first marked difference in the Ordovician faunas as seen on the 
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two sides of the Cincinnati geanticline, and especially in connec- 
tion with the Wabash axis, is in the Richmond faunas situated to 
the northwest of the latter axis about Wilmington, Illinois, and 
Delafield, Wisconsin, and that to the south, especially as seen 
about Madison, Indiana. It is true that these Richmond faunas 
have many species in common and it is probable that they are 
not synchronous, so that there may have been land in southern 
Indiana at the time when the higher Richmond appeared in 
northeastern Illinois. This may mean that no true axis or 
“parma” was in existence during Richmond time, but it does 
seem tu show that the Wabash parma at least indicates the strike 
for the then highest land. During Silurian time, this parma was 
a bar to the northward spreading of the Clinton and probably, 
also, of the Waldron formation. In fact, all the post-Clinton 
Silurian faunas to the north of the Wabash and east of the Cin- 
cinnati parmas are, in facies, more decidedly that of New York, 
while those south and west of the same barriers have another 
relationship. The fact that all these faunas have species in com- 
mon goes to show that the Wabash axis was not at all times a 
complete barrier to the intermigration of faunas or that the Cin- 
cinnati axis was crossed by the sea somewhere in Kentucky or 
Tennessee. The dissimilarities on the two sides of the Cincinnati 
axis indicate that the Wabash axis had some effect on the dis- 
semination of the faunas. 

In regard to some of the species described, it seems desirable 
to make a few statements. 7Z?imerella sp. appears to be a Mono- 
morella, because the platform is not excavated, as may beseen in 
the cast, not having the two cones so characteristic of the former 
genus. Stropheodonta corrugata has been recently studied by 
the writer in specimens from the Clinton of Pennsylvania, and 
these prove the species to be a Rafinesquina. Pholidostrophia 
niagarensis is probably a Brachyprion, as it has radiating strie. 
Orthis flabellites Foerste is hardly the well-known shell formerly 
passing in America as 0. flabellulum. It looks more like forms 
of the O. davidsoni type. Hatonia goodlandensis cannot be an 
Eatonia as it has a dorsal sinus, the reverse condition of this 

enus. It is probably a pentameroid of the genus Parastrophia. 
eristina princeps is known to bea true Meristella, and cannot, 
therefore, be referred to Meristina. The Indiana shell seems to 
be related to Meristina maria, if the strize mentioned are internal 
markings. CHARLES SCHUCHERT. 

2. Report on an Exploration of Ekwan River, Sutton Mili 
Lakes and part of the west coast of James Bay ; by D. B. Dow- 
LInG.—This is “ Part F” of the fourteenth Annual Report of the 
Geological Survey of Canada. It is particularly interesting on 
account of the fauna described by Whiteaves. In the Sutton 
Mill Lakes region, the Cambrian is also exposed and is regarded 
by Dowling as of the same age as that on the east shore of Hud- 
son Bay, described many years ago by Bell and Low. In the 
latter region, the quartz conglomerates, quartzites, and sand- 
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stones, with a heavy trap overflow, attain a thickness of about 
2800 feet. “This great thickness is not found on the west side 
of the bay.” In the Sutton Mills Lakes region, 90 feet of sand- 
stones and slates are shown “ capped by an extrusive trap show- 
ing athickness of 150 feet.” These rocks “ present many features 
in common with those from the Animikie of Thunder Bay.” No 
fossils are mentioned. 

Overlying the Cambrian is “a flat-lying limestone, which forms 
a wide belt around the west shore of James Bay and along the 
southern shore of Hudson Bay. On the Albany River the upper 
part of the series is proved to be of Devonian age, and beneath, 
at a greater distance from the sea, Silurian limestones are exposed. 
These beds probably overlap any older ones that may be beneath, 
and rest directly on the Archean.” The Silurian dolomitic lime- 
stone “ does not appear to be of any great amount, probably not 
over 20 feet.” The geologic series is terminated by Post-Ter- 
tiary clays containing Saxicava rugosa, Mya truncata, Macoma 
calcarea, and Cardium ciliatum. 

According to Whiteaves, the Silurian fauna consists of 55 
species, of which 39 are specifically named, 26 being restricted to 
the James Bay region. ‘The percentage of new species is there- 
fore rather high, but not greater than one would expect from a 
region so widely separated from other known Silurian areas. The 
assemblage both of species and faunal facies is not that of the 
Rochester or lower Lockport, as none of the characteristic forms 
of these well-known faunas are present. 

On the other hand, it is directly comparable with the Guelph 
of Ontario and the higher Niagaran dolomites of Illinois and 
Wisconsin. This is seen in Pycnostylus guelphensis, P. elegans, 
an almost total absence of the lower Niagaran corals, cystids, 
crinoids, and brachiopods, and in the prescence of 2 species of 
Trimerella, 1 Salpingostoma, 3 Gyronema, and 3 Bronteus. c.s. 

3. Zine and Lead Deposits of Northern Arkansas, ete. With 
a Section on the Determination and Correlation of Formations ; 
by E. O. Uxricu. Prof. Paper, No. 24, U. 8. Geol. Survey, 
1904, pp. 90-113.*—Ulrich’s contribution is important because it 
attempts to correlate the Paleozoic formations of northern 
Arkansas and southern Missouri with “a standard time scale of 
the Ohioan Province.” By “Ohioan Province” the author means 
the eastern half of the Mississippian sea, and also objects to using 
the latter term for this province because the name Mississippian 
“has a fixed application to the Lower Carboniferous rocks of 
America.” In northern Arkansas, the Paleozoic section consists 
of the equivalents in the Ordovician of the Oneonta, Shakopee, 
St. Peter, Lorraine, and Richmond ; in the Silurian of the Clin- 
ton ; in the Devonian of the Chemung, and in the Carboniferous 
of a complete sequence from the Kinderhook into the Pottsville, 
except that the Warsaw and Spergen Hill are absent. From this 
it is seen that great breaks in deposition occur in the Ordovician, 
and from the basal Silurian through to the Upper Devonian. 


* See also p. 394 of the November number. 
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The Clinton fauna (St. Clair limestone) is interesting because it 
is of the type found on both sides of the Cincinnati axis, and 
not that of New York. 

The chief interest of this work, however, lies in the Carbon- 
iferous formations. As stated above, the Mississippian section is 
nearly complete and continues into the lower portion of the 
Pennsylvanian of the Upper Carboniferous, The author’s best 
results are found in his discussion of the “ Upper Mississippian 
formations” and “ Early Pennsylvanian formations.” It is seen 
that he here restricts the well-known name “St. Louis” to the 
formation as found about the city of St. Louis, which does not 
include the Spergen Hill and Warsaw horizons, usually embraced 
under this term. The author states that the St. Louis, Spergen 
Hill, and Warsaw “are readily distinguishable lithologic units, 
two of them having a wide geographic distribution, and all three 
occupying definite and distinct positions in the stratigraphic 
column, Together they constitute a group for which the name 
Meramec, after the river of that name in Missouri, where all 
three divisions may be seen, is chosen.” 

It seems unfortunate that the rules of the U. 8S. Geological Sur- 
vey do not permit the use of a term with two values, 1. e., as a 
formation and as a group name. In any event, it would seem 
preferable that the old and long-established name “ St. Louis ” 
should be retained in its present text-book use, i. e., to embrace 
all the time between the top of the Keokuk and the base of the 
Chester. Had this been done, the present author’s group terms 
would now be those of other writers; as it is, however, to be up 
to date, we shall have to write “ Meramec” for the old and 
apparently somewhat indefinite term “St. Louis.” We could 
have more easily adapted ourselves to Meramec as the terminal 
formation of the group St. Louis. 

The Chester of older writers receives here a far greater exten- 
sion, is elevated to a group term, and includes the St. Genevieve, 
Cypress, Tribune, and Birdsville formations. The two latter are 
here embraced under the old name “ Kaskaskia” of Worthen, a 
term that in the past has often supplanted Hall’s name “ Chester,” 
The Chester group of Arkansas teems with new species. 

One of the peculiarities of the Pottsville fauna in Arkansas, or 
in the area south of Missouri island (here called Ozarkia), is 
the presence of Pentremites. Heretofore this genus was thought 
to have disappeared in America with the Chester, and strati- 
graphers have always placed great reliance on this supposed limi- 
tation. Its occurrence shows paleontologists how unsafe it is to 
make correlations depending on single species or genera. It is 
stated in a foot-note that this interesting fauna will soon be 
described by Dr. Girty. C. 8. 

4. Monographie de Ile d Anticosti (golfe Saint-Laurent) ; 
by Dr. Josepn Scumirr. Published by A. Hermann, Paris, 
1904, pp. i-vi, 1-367, 12 text-figures and a map.—Since 1896, M. 
Henri Menier of Paris, France, has been the owner of the island 
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of Anticosti, and detailed Dr. Joseph Schmitt as resident phy- 
sician and naturalist. The work cited describes the local geog- 
raphy, history, meteorology, geology, paleontology, botany, 
zoology, anthropology, maladies of man and animals, agriculture, 
and resources. There is also a bibliography of the island, 19 
pages in length. 

The Ordovician and Silurian stratigraphy is described in con- 
siderable detail on pp. 65-99. The divisions as established by 
Richardson and Billings are here accepted. Many of the more 
important geological localities are shown in full-page half-tones, 
the best we have seen of that island. The list of fossils on pp. 
100-128 gives the horizons and localities for each species, with 
occasional remarks on certain forms. The book does credit to 
the present owner of the island, and especially to its author, Dr. 
Schmitt. 

5. Handbuch der Mineralogie ; von Dr. Cant Hintze. Erster 
Band, achte Lieferung. Pp. 1121-1280.—The eighth part of the 
first volume of Hintze’s great work has recently appeared. It 
contains the closing portion of the sulphur compounds, ortho- and 
basic sulpho-salts, sulpharseniates, oxysulphides, etc, and the 
beginning of the oxides. The closing pages are devoted to the 
species quartz. The part now issued is the twentieth of the 
entire series, which was begun in 1889. 

6. Voleanic Pipes of Sutherland. — In the annual report of 
the Geological Commission of the Cape of Good Hope for 1903, 
Mr. A. W. Roaers and A. L. puTorr give an account of some 
circular patches and dike-like outcrops of igneous rocks near the 
village of Sutherland. These “pipes” resemble closely the 
Kimberly pipes in form and relation to the surrounding rock, and 
some of them contain breccia similar in character to the diamond- 
bearing blue-ground of Kimberly. Melilite-basalt occurs in close 
connection with them, filling some pipes and forming dike-like 
masses around them. A complete petrographic description is 
given of these rocks, and the following analysis of melilite-basalt, 
from the Spiegel River, was made by J. Lewis. 

Analysis of melilite-basalt : SiO, 36°15, TiO, 2°30, Al,O, 15°18, 
Fe,O, 4°87, Cr,O, *10, FeO 9°11,* MnO °33, CaO 11:40, MgO 13°63, 
BaO ‘06, Na,O 2°42, K,O 1°81, P,O, :26, SO, 49, H,O on igni- 
tion 1°95, H,O driven off below 110° C. °37 = 100°43. 

It will be remembered that Professor Carvill Lewis felt very 
confident that melilite rock was closely connected with the origi- 
nal form of the Kimberly blue-ground, and it seems probable that 
the Sutherland area presents some of the same geological charac- 
teristics as the Kimberly district. 

7. A Treatise on the British Freshwater Alge ; by G. S. 
WEST; pp. xv+372, with 166 text-figures. Cambridge, 1904 
(The University Press).—The need of a modern account of the 
freshwater alge has long been felt by English-speaking botanists, 


* A little sulphide which would slightly increase the figure for ferrous 
iron isincluded. The sulphur present as sulphide is included in the SOs. 
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and this need is admirably supplied by Professor West’s hand- 
book. On account of the wide distribution of most of the genera 
described, the book will be welcome in North America as well as 
in the British Isles. After a short introduction the author dis- 
cusses the structural peculiarities of the alge, the methods of 
multiplication and reproduction, the doctrine of polymorphism 
and the various theories of phylogeny. The greater part of the 
work, however, is filled with detailed descriptions of the British 
genera and of the higher subdivisions, and under each genus the 
more important species are noted or briefly described. The char- 
acters derived from the peculiarities of the chloroplasts are empha- 
sized throughout, and much attention is devoted to the species 
found in the plankton of lakes and ponds. The clear and accu- 
rate figures, nearly all of which are original, add greatly to the 
value of the work. Professor West includes among the alge the 
diatoms and the blue-greens, two groups which many recent 
writers place apart; he excludes, however, the dinoflagellates 
and the stoneworts. Six classes are recognized : Rhodophycee 
or red alge (with 6 genera), Pheophyceex or brown alge (with 8 
genera), Chlorophycee or green alg (with 130 genera), Hetero- 
konte or yellow-green alge (with 8 genera), Bacillariex or dia- 
toms (with 37 genera) and Myxophycee or blue-green alge (with 
45 genera). The Heterokonte include a number of forms usually 
placed among the Chlorophycer. A. W. E. 

8. A Monograph of the British Desmidiacee ; by W. Wusr 
and G. 8. West; Vol. I, pp. xxxvi+224; 24 colored plates. 
London, 1904 (printed for the Ray Society).—In the last general 
work on the British Desmids, published by M. C. Cooke in 1887, 
290 species are described. At the present time nearly 700 species 
are known from the British Isles, and of this number 147 species 
are figured and described in the present volume. The introduc- 
tory chapter is devoted to a general account of the desmids and 
discusses the cell-structure, the variation, the methods of loco- 
motion, the various types of reproduction, the phylogeny and 
the geographical distribution. This is followed by an analytical 
key to the 31 known genera, all but 5 of which are British. The 
descriptions of genera and species which fill the remainder of the 
volume are unusually full and accurate, and the plate-figures, 
nearly all of which were drawn by the junior author, bring out 
clearly the protoplasmic features of the cells and also the pecu- 
liarities exhibited by the cell-walls. Under each species the 
authors note the full synonymy, the measurements of the cells, 
the known localities in the British Isles and the general geo- 
graphical distribution ; and it is worthy of note that more than 
half of the described species have already been reported from 
the United States. The following 12 genera are treated in this 
first volume: Gonatozygon (5 species), Genicularia (1 species), 
Spirotenia (14 species), Mesotszenium (10 species), Cylindrocystis 
(6 species), Netrium (4 species), Penium (28 species), Roya (3 
species), Closterium (60 species), Docidium (3 species), Pleuro- 
teenium (9 species), and Tetmemorus (4 species). A. W. E. 
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III. MuisceLLANgEous ScIENTIFIC INTELLIGENCE. 


1. The Cyclones of the Far East; by Rev. Jost Aveuz®, S.J., 
Director of the Philippine Weather Bureau, Manila Observatory. 
Second (revised) edition. Pp. 83 with fifty-four plates. Manila, 
1904.—The first edition of this work was published in Spanish in 
1897 and embodied the results obtained during the thirty years 
that had elapsed since the foundation of the Manila Observatory 
in 1865. The present edition, in the English language, has been 
enriched by the additional data accumulated since 1897, not only 
from the Philippines themselves, but also from the adjacent 
coasts of Asia. The whole work gives a full account of the 
nature and origin of cyclonic stones and the various meteorolog- 
ical phenomena accompanying them; it also discusses in detail 
the typhoons of the far East, or the Baguios as they are called 
by the natives of the Philippine islands. The intensity and 
destructive character of these great storms in the regions cov- 
ered by this work give them a peculiar interest and importance, 
while the author’s long study of them has enabled him to pre- 
sent the whole subject with admirable clearness and fullness. 
The work is at once interesting to the public at large, of high 
utility to the sailing master because of the many practical sug- 
gestions given for his guidance, and also valuable as a scientitic 
contribution particularly because of the discussion of the data in 
regard to individual cyclones of remarkable character. 

The publications of the Philippine Weather Bureau also include 
a series of monthly Bulletins of the usual scope prepared under the 
direction of the Director, José Algué: of these the numbers from 
January to April, 1904, have been recently received. 

2. A Select Bibliography of Chemistry, 1492-1902: by Henry 
CARRINGTON Boron. Second Supplement, pp. 462 (Smithsonian 
Miscellaneous Collections, part of vol. xliv)—The Select .Bibli- 
ography of Chemistry from 1492 to 1902, a work of the greatest 
value to chemists, carried out by the late Professor Bolton, was 
issued in 1893. A First Supplement, bringing the work down 
to 1897, was published in 1899, while this Second Supplement, 
covering the five years to the end of 1902, is now given to the 
public. Professor Bolton died in November, 1903 while the 
work was in press and the proof-reading and preparation of the 
index have been in the charge of Mr. Axel Moth of the New 
York Public Library. 

3. Kritische Studien tiber die Vorgdnge der Autoxydation ; 
by C. Encier and J. Wetssserc. Braunschweig, 1904 (Fr. 
Vieweg und Sohn).—This monograph of two hundred pages, 
dedicated to the memory of Christian Friedrich Schénbein, aims 
to present a critical review of the scattered literature on the 
phenomena of so-called auto-oxydation. The authors explain 
their theory of the nature of auto-oxidative processes. Various 
types of katalytic. reactions are discussed ; and the influence of 
accessory factors, such as acids, salts, heat, light, etc., is consid- 
ered. In a concluding brief chapter on the réle of oxygen in 
living organisms the possible function of the different recently 
described oxidases, the formation of organic peroxides and the 
action of katalases is emphasized. L. B, M. 
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Morgan, W. C., bitumen in fossil 
egg, 363 

Morley, E. W., vapor pressure of 
mercury, 


N 
anes Valley, delta plains, Crosby, 


New Jersey geol. survey, 90. 
“a Cretaceous turtles, Wieland, 
83. 


New Mexico, unconformity of Cre- 
taceous in, Keyes, 360. 
New York State Museum, 243. 
Nolan, T., The Telescope, 88. 
N-Rays, Blondlot, 84. 


OBITUARY. 


Duclaux, E., 96. 
Everett, J. D., 320. 
Foster, C. LeN., 96. 
Hatcher, J. B., 163. 
Rutley, F. 96. 
Soret, C., 96. 
Williamson, A. W., 96. 
Ohio geol. survey, 90. 
Ostwald’s Klassiker der exakten 
Wissenschaften, 402. 
Oxygen absorption bands in solar 
spectrum, Lester, 147. 


P 


Pacific, Observations of a Naturalist 
in, Guppy, 244. 
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Radio-active gas from crude petro- 
leum, Burton, 392. 
— lead and polonium, Debierne, 389. 
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AMEIWD 
{Sth Street and Third Avenue, NEW YORK. 
Manufacturers and Importers of 


C. P. Chemicals and Chemical Apparatus 


Sole Selling Agents for 
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(See this Journal, xvi, 264, September, 1903.) 


The lately discovered lilac-colored transparent Spodumene from 
Pala, California. 


Nice crystals from $1.00 upwards per specimen. 


Kunz-Baskerville Radium Mixtures 


CURIE’S RADIUM SALTS 
In intensities from 40 x activity up to the highest. 


Spinthariscopes, Bar.-Platin. Cyanide Screens, etc. 


Do not fail te visit our Radiam and other exhibits at the Louisiana Purchase 
Exposition at St. Louis, Mo. 


BAKER & CO. 
METALLURGISTS IN PLATINUM 


410 N. J. R. R. AVE., NEWARK, N. J. 


Beg to announce that 
they are the sole Licen- 
sees for the manufacture 
of the Shimer Crucible. 

Having the following <= 
advantages : 


It uses air instead of oxygen. 

It requires no combustion tube. 

It secures the complete combustion 
of graphite. There is no waste of heat. 

We are also the sole manufacturers 
of the Tucker Apparatus and the 
Howard Density Regulator. 


SHIMER CRUCIBLE 


Etc.,” and our brochures on the above specialties, should be in every chemist’s 
library. They are free on request. 


N. Y. OFFICE, 120 LIBERTY STREET 
1 


Our ‘‘Data Concerning Platinum, 
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ROCK AND MINERAL SECTIONS 


ON STOCK AND TO ORDER 


KunzitE! Have you studied the new Spodumene ? 
Sections || and | to M 50 cents each. 


Co.tection No. 1. Arranged to cover the first half year’s work 
in Petrology. Adaptable to the course in any Institution. Put up 


on 2 or 3 in. slides or on lin. circles. SEcTIOoNS - $2.00 
Co.tuection No. 2. A collection of 20 sections for students cover- 

ing the subject in a general way - - - - $5.00 
Cotuection No. 2A. between Collections 1 and 2, 

TWELVE SECTIONS - $3.00 


Cottection No. 3. The more important Rock- Forming Miner. als 
cut to show their Optical Characters to best advantage. Illustrating 
nearly all the Optical Phenomena by which Minerals in Rock-sec- 
tions are Most of study. TEN SEc- 


TIONS - - $3.50 
COLLECTION No. 4. Detailed Description on application, Ont 
Hunprep Sections Rocks and Minerals - - $30.00 


Larger Coliections put up to order. 
My business is done by correspondence, Address 


W. HAROLD TOMLINSON, 
PETROLOGICAL LABORATORY, 
44 E. Walnut Lane, - Germantown, Phila., Pa. 


THE AMERICAN NATURALIST 


A Monthly Journal Devoted to the Natural Sciences 
in Their Widest Sense. 


Since the foundation in 1867 by four of the pupils of Louis 
Agassiz, THE AMERICAN NATURALIST has been a repre- 
sentative American magazine of Natural History and has played 
an important part in the advancement of science in this country. 

The journal aims to present to its readers the leading facts and 
discoveries in the fields of Anthropology, General Biology, Zool- 
ogy, Botany, Paleontology, Geology and Mineralogy, and the 
various sub-divisions of those subjects. 


Annual Subscription, $4.00 net, in advance. Single Copies, 35 Cents. 
Foreign Subscription, $4.60. 


GINN & COMPANY, Publishers. 


29 BEACON STREET, BOSTON, MASS. 
6t., Feb. ’o3—alt. 
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LANTERN SLIDES. 


A. Collection of Lantern Slides for Lectures on Petrology, 
Arranged by Proressor Dr. K. BUSZ or Minster. 
The following collections are now ready : 
1. The mode of occurrence of es minerals, by ordinary 


light ; 50 slides £3.10.0 
2. The mode of occurrence of rock- -forming minerals, under 

crossed nicols; 20 slides. 1. 8.0 
3. The microstructure of rock- forming minerals; 80 slides 5.12.0 
4. The structures of rocks; 36 slides. 2.10.0 
5. Collection of typical rocks, by ordinary light; 100 slides . 7. 0.0 
6. crossed nicols; 60 slides . 4, 5.0 


Of Nos. 3, 5 and 6, smaller collections are sold of 50, 75 and 45 slides 
respectively at £3.10.0, £5.5.0 and £3.3.0. 


B. Collections of Lantern Slides for Lectures on Geology and Paleontology, 

Arranged by Proressor Dr. F. J. P. von CALKER or GRONINGEN. 
The following are ready: 

1. Paleontological Problematica; 30 slides. ‘ £2. 


2.0 

2. Historical Geology (Type-Fossils) (Toula- Collection) 30 
slides 2. 2.0 
3. Large Phyto-Paleontological collection: 160 slides 11. 5.0 
8a. Protozoa (Foraminifera, Radiolaria); 25 slides 1.15.0 
4. Pisces; 30 slides . 2. 2.0 
5. Amphibia; 12 slides ‘ 0.17.0 
Reptilia and aves; 50 slides 8.10.0 
. General Geology; 30 slides ‘ r 2. 2.0 


The slides are sent in paste-board or (the beige collections) in wooden 
boxes. 
Shortly will be ready: Tectonic Geology, Mammalia, Crystallography. 


The new Collection of 336 Specimens and Slides of Rocks, 
According to H. Rosensuscu: ‘‘ Elemente der Gesteinslehre, 2d ed. 1901.” 
Accompanied by a text-book: ‘‘ Practical Petrography,” giving a short 
description of the polarizing microscope and its application, and also of the 
macroscopical and microscopical features of every specimen of this collec- 
tion, by Professor Dr. K. Busz of the University of Minster. This collection 
is intended for the practical use of students and contains typical representa- 
tives of all important types of rocks; it is composed of 277 massive rocks; 
(94 deep-seated rocks, 50 dike rocks, 138 volcanic rocks), 28 sedimentary, 
and 31 crystalline schists. Out of it two smaller collections of 250 and 165 
specimens have been selected. The prices are as follows: 

Collection I. .336 specimens of rocks, 380 Marks. 

a Ia. 336 slides, 420 Marks. 
- II. 250 specimens of rocks, 270 Marks. 
Ila. 250 slides, 310 Marks. 
- Ill. 165 specimens of rocks, 170 Marks. 
Illa. 165 slides, 205 Marks. 

Rock specimens and thin sections of this collection are exhibited at 
the “St. Louis World’s Fair,” in the department of the German educa- 
tional exhibition (Elducational Appliances). 

Collections of Minerals, Fossils, Meteorites, purchased for cash or ex- 
changed. 

The fifth edition of Catalog No. 4, Petrography, has just been published 
(210 pages) and will be sent free of f charge on application. 


DR. KRANTZ, 


RHENISH MINERAL OFFICE, 


BONN-ON-RHINE, GERMANY. 
ESTABLISHED 1833. ESTABLISHED 1833. 
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Genetic Collection of Rocks. 


110 Specimens. Price $50. 


Rocks may be classified according to any of their many 
features, but the most fundamental one, upon which the primary 
divisions are based, is genesis. - 

In the arrangement of this collection, the classification as 
shown below is so simple that, with the collection and the 
descriptive catalogue that accompanies same, this generally-sup- 
posed intricate branch of geology can be intelligently introduced 
into even the lower grades of schools, in such a manner as to 
- make clear to the students the elementary features of Petrology ; 
while, at the same time, its petrological scope is such as to make 
it eminently fit as the type collection in Normal Schools, 
Academies and Colleges where the science of Petrology is gone 
into in a more exhaustive manner. 


CLASSIFICATION. 

I. Unaltered Sedimentary Rocks of Mechanical Origin. 
Il. Unaltered Sedimentary Rocks of Chemical Origin. 
il. Unaltered Sedimentary Rocks of Organic Origin. 
IV. Unaltered Igneous Rocks: 

(a) Granite Rhyolite Family. 
(b) Syenite-Trachyte Family. 
(c) Nephelite Leucite Rocks. 
(d) Diorite-Andesite Family. 
(e) Gabbro-Basalt Family. 
(f) Peridotite Family. 
V. Metamorphic Sedimentary Rocks. 
Vi. Metamorphic Igneous Rocks. 
Vil. Residual Rocks. 

Send for catalogue describing this collection of rocks, also our 
catalogue describing a Phenomenal series, illustrating Dynami- 
cal and Structural Geology, consisting of 83 specimens nicely 
labelled and mounted either on blocks or improved trays for 
$45.00. 


Ward’s Natural Science Establishment, 


76—104 COLLEGE AVENUE, ROCHESTER, N. Y. 
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THE YALE REVIEW, 


A QUARTERLY JOURNAL FOR THE SCIENTIFIC DISCUSSION 
OF ECONOMIC, POLITICAL AND SOCIAL QUESTIONS. 


Published quarterly on the fifteenth of May, August, November and February. 
Under the able editorial management of 


Professors HENRY W. FARNAM. 
EDWARD G. BOURNE, 
JOHN C. SCHWAB, 
IRVING FISHER, 
HENRY C. EMERY, 
GUY 8. CALLENDER, 
CLIVE DAY, 
and ALBERT G. KELLER. 


** Committed to no party, and to no school, but only to the advancement of sound 
learning, it aims to present the results of the most scientific and scholarly investiga- 
tions in history and political science.” 


Valuable features of the REVIEW are the department of Notes and the Editorial 
Comment on the current and live topics of the day. 


_ Subscription Rates, $3.00 per year, in advance. 
Single numbers, 75 cents. 


Sample copies sent free on application. To new subscribers back issues Vol. 1 
to IV sent at $1.00 per volume unbound. 


THE TUTTLE, MOREHOUSE & TAYLOR CO., 
NEW HAVEN, CONN. 


THe Tutte, Morenouse & Taytor Co. are also printers of Scientific Works 
and Works in Foreign Type. in German, Greek, Hebrew, Arabic, Syriac, Sanskrit, 
Coptic, Ethiopic; printers of The Yale Literary Magazine: Catalogues of Yale Uni- 
versity: ‘he American Journal of Science and Arts: Journal of the American 
Oriental Society: Transactions of the Conn. Academy of Arts and Sciences; 
Biographies, Genealogies and kindred Works. 


REDEMPTIONERS AND INDENTURED SERVANTS 


In the Colony and Commonwealth of Pennsylvania, by Dr. Karu F. GEIsER, 
Professor of Political Science in the Iowa State Normal School. In paper 
covers, $1.00: cloth, $1.50. 


"THE PHILOSOPHY OF KANT, 


4 In Extracts... Selected by Prof. Joun Watson, LL.D., Professor in Queen's 
University, Kingston, Canada. . 194 pp. 8vo, paper cover, 90 cents. 


Above works sent postpaid on receipt of price. 


PUBLISHED BY 


THE TUTTLE, MOREHOUSE & TAYLOR CO., 


NEW HAVEN, CONN. 
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THE GREAT 
ENGLISH MAGAZINES ~ 


Do you know them—know what they are publishing—read 
them—subscribe for them? There is the Edinburg Review and 
the Quarterly ; the Contemporary, Fortnightly, Monthly, and 
Nineteenth Century Reviews; Blackwood’s, Cornhill, Temple 
Bar, Longman’s, Macmillan’s and Pall Mali Magazines ; the 
Spectator, the Saturday Review and others. No matter how 
many American magazines you read, you cannot afford to alto- 
gether pass by our English contemporaries. The one convenient, 
inexpensive way is to subscribe for the LIVING AGE 
(weekly) which published entire the principal contents of the 
current foreign periodicals. President Roosevelt, Chief Justice 
Fuller, and many others in public life are among the thousands 
of people who subscribe for the LIVING AGE year after year 
in order to be conversant with the most recent English thought. 


Recent numbers of the LIVING AGE have contained very 
important articles relating to European and American political 
affairs in the far East, and recent discoveries in science, notable 
essays, delightful sketches of travel, remarkably fine fiction—both 
serial and short stories: the best of the new English poetry has 
also been given. 


If you have not availed yourself of the LIVING AGE this 
past year, why not subscribe for it now? With all its splendid 
record for over sixty years never has it been more valuable or 
necessary to the wide reader than it will be for 1905, 


Published every Saturday, subscription $6 a year. A year’s 
subscription sent now will include the remaining issues for 1904 
free. <A trial subscription three months, thirteen numbers, for 
one dollar. Address 


THE LIVING AGE Co. 


134 Bromfield St. ‘| BOSTON. 
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CHOICE EUROPEAN MINERALS. 


Our large stock of rare minerals has recently been 
augmented by consignments from abroad, If there 
are gaps in your collection which you wish to fill, let 
us hear from you. Partial lists of the most important 
of our recent acquisitions in this line may be found 
in earlier advertisements. 


FINE ENGLISH MINERALS. 


A large consignment of choice English calcites, 
barites, etc., is now en route to us. Fuller particu- 
lars will be given next month. , 


OUR FALL BULLETIN, 


Published October 12th, describes our recent acquisitions and makes brief 
mention of some of the most important additions which have been made to 
our stock during the past season. If you have not yet. received a copy, we 
shall be pleased to mail one on request. 


TOURMALINES. 


Our stock of tourmalines, from California and many other localities, is 
still exceptionally good. Fine crystals, matrix specimens and polished sec- 
tions from California, 35c. up. Crystals from the Urals, Brazil, Germany, 
Connecticut, and other localities, 25c. 


FINE SPECIMENS FROM LAZARD CAHN. 


We still have on hand many choice minerals from the stock of Mr. Lazard 
Cahn. Among them are specimens of Alaska epidote, quartz on chrysocolla, 
opal, botryogen, native silver, native tellurium, bixbyite, bixbyite on topaz, 
beryl, columbite, scheelite, phenacite, eosphorite, triploidite, calaverite, 
polybasite, géthite, jarosite, clinoclasite, mimetite, olivenite, altaite and 
many other rare and interesting minerals. Tne specimens are sold at Mr. 
Cahn’s prices, and accompanied by his labels. 


BEAUTIFUL AURICHALCITES. 


We can still offer extra fine specimens of this beautiful mineral. The 
aurichalcite is well crystallized and of light-blue color, associated with white 
calcite crystals, some specimens showing attractive groups of calcite crystals 
on one side and exquisitely beautiful aurichalcite on the other. Every collec- 
tion should have one or more of these choice specimens. Prices, 10c. to $10.00. 


FLUORESCENT MINERALS. 


We have recently added considerably to our stock of polished specimens 
of minerals showing extra fine fluorescence under the ultra-violet rays, and 
can offer willemite, willemite and franklinite, calcite and franklinite, calcite 
in braunite, etc., at from -B5c. up. 


PRICE LISTS AND BULLETINS FREE. 


GEO. L. ENGLISH & CO., Mineralogists, 
Dealers in Choice Scientific Minerals ; 
201 EAST SIXTEENTH ST., NORTHEAST COR. OF THIRD AVE., New York City. 
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CONTENTS. 


Art. XLI.—Experiments on the Reception by Wires of 
Electric Waves ; by C, A. Cuant 


XLIL—Spectra of Gases at High Temperatures; by J. 
TROWBRIDGE 


XLUI.—Two New River Reptiles from the Titanothere 
XLIV.—Emmonsite (?) from a New Locality; by W. F. 


-XLV.—Matawan Formation of Maryland, Delaware, and 
New Jersey, and its relations to overlying and under- 
lying Formations; by W. B. Crark 


‘XLVI.—Precipitation of Barium Bromide by Hydrobromic 
Acid ; by N. C.. Toorne 


XLVIL.—Proembryo of the Bennettitex ; by G.R. Wretanp. 


XLVIII.—Minerals from the Clifton-Morenci District, Ari- 
zona; by W. Linp@ren and W. F. Hititespranp..-....- 448 


SCIENTIFIC INTELLIGENCE, 


Chemistry and Physics - Conversion of Ammonia into Nitrites and Nitrates, 
W. Travse and A. Brurz: Is Tyndall’s Optical Method Capable of Show- 
ing the presence of Molecules in Solutions? L. p— Bruyn and Wo.rr: 
New Modification of Silicon, Morssan and Sizmens, 461.—Phosphorescent 
Zinc Sulphide, Grine: Atomic Weight of Rubidium, E. H. ARronrpaxp : 
Radio-active Cinnabar, Losanirson, 462.—Materialien der Stereochemie, 
C. A. Bischorr: Heterogenen Gleichgewichte vom Standpunkte der 
Phasenlehre, H. W. B. Roozesnoom: Phosphorescence, P. Lenarp and V. 
Kuatr: Lippman’s Color Photography, L. PFAUNDLER, 468.—Change of 
Velocity of Cathode Rays in passing through thin Metallic Layers, G. E. 
Insulation in a Vacuum, Ketvin: Slow Transformation 
Products of Radium, RutHerrorp, 464.—Text-book of General Physics 
for High Schools and Colleges, J. 5. Amxs, 465. 

Geology and Natural History—Stratigraphy and Paleontology of the Niagara 
of Northern Indiana, E. M. Kinpix and C. L. Brecer, 465.—Report on 
an Exploration of Ekwan River, Sutton Mill Lakes and part of the west 
coast of James Bay, D. B. Dowxine, 469.—Zinc and Lead Deposits of 
Northern Arkansas, etc.,.E. O. Utricn, 470. — Monographie de I’Ile 
d’ Anticosti (golfe Saint-Laurent), J. Scumipt, 471. — Handbuch der Min- 
eralogie, C. Hintze: Volcanic Pipes of Sutherland, A. W, Roamrs and A. 
L. puTorr: Treatise on the British Freshwater Algw#, G. S. West, 472.— 
Monograph of the British Desmidiacew, W. West and G. S. West, 478. 

Miscellaneous Scientific Inteiligence—Cyclones of the Far. East, J. Ataut: 
Select Bibliography of Chemistry, 1492-1902, H. C. Botton: Kritische 
die Vorgiinge der Autoxydation, C. and J. Wuiss- 
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